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New  York,  January  17,  1 894. 

The  83d  meeting  of  the  Institute  was  held  this  date  at  12  West 
31st  Street,  and  was  called  to  order  at  8  p.m.  by  President 
Houston. 

The  President: — ^The  Secretary  will  read  the  minutes  of  th# 
last  stated  meeting. 

On  motion  of  Mr.  Wolcott  it  was  voted  that  the  reading  of 
the  minutes  be  dispensed  with. 

The  President  : — Before  calling  for  the  paper  of  the  evening, 
I  would  like  to  ask  the  Secretary  to  read  the  list  of  candidates 
for  associate  membership,  and  the  names  of  members  who  were 
either  elected  at  the  Council  meeting  to-day,  or  transferred  from 
associate  to  full  membership. 

The  Secretary: — The  following  candidates  for  associate 
membership  have  been  proposed  for  consideration  at  the  meeting 
of  the  Council,  Feb.  21st:— 

H  H.  Morehouse,  James  W.  Crosby,  E.  Randolph  Hix,  Edward  M.  Gerry, 
E.  W.  Trafford,  George  E.  Wendle,  Charles  Gesseaume,  Charles  T.  Rittenhouse, 
Arthur  Frantzen,  Albert  E.  Richardson,  S.  D.  Snook,  Jas.  A.  Lighthipe,  Albert  L. 
Clough,  A.  T.  Best,  Harold  Harrison,  Clifford  D.  Babcock,  Augustus  Treadwell, 
Jr.,  Wm  S.  Barstow,  Chas.  Edwin  Potts,  George  Forbes. 

The  following  associate  members  were  elected  at  the  Council 
meeting  this  afternoon: 

Name.                                                   Address.  Endorsed  by. 

Adams,  Comfort  A.,  Jr.,    Instructor  in  Electrical  Engineer-  E.  H.  Hall. 

ing.     Harvard    University,     2i     C.F.  Uebelacker, 

Stoughton  Hall,  Canibridge,  Mass.  E.  P.  Roberts. 

Bkthell,  U.  N.                    Acting  General  Manager,  The  Met-  A.  E.  Kennelly. 

ropolitan  Telephone  &  Telegraph  H.  L.  Webb. 

Co.,  iS  Cortlandt  St.,  N.Y.  City  Geo.  M.  Phelps. 

Broadnox,  Francis            Engineer,  Safety    Insulated  !Wire  W.  J.  Jenks. 

and   Cable  Co.,    50  Broadway,  L.  Stieringer. 

New  York  City.  T.  C.  Martin. 

Broich,  Joseph                    Superintendent    and    Electrician,  Edw.  Durant. 

with  F.  Pearce,    448  8th  Ave.,  James  Hamblet. 

Brooklyn,  N.Y.                            J.  C.  Chamberlain. 


ASSOCIATE  MEMBBEa  ELECTED  AND  TRANSFERRED. 


Ends,  Sigfried  H. 


Colonnade   Hotel,   39  Layfayette       C   F.  Chandler. 
Place,  New  York  City.  Wm.  J.  Hammer. 

F.  B.  Crocker. 

Flanagan,  Thomas  Francis  Supt.  and  Electrician,  Herbert  C.  Wirt. 

Portsmouth  Gas  Light  Co  ,  C.  D.  Haskins. 

Portsmouth,  N.  H.  C.  B.  Burleigh. 

Flint,  Bertram  P.  Electrical  and  Mechanical  Engineer,  Chas.  H.  Davis. 

with  Chas.  H.  Davis,  120  Broad-       F.  S.  Holmes. 

way,  New  York  City.  Ralph  W.  Pope. 

Knox,  James  Mason  Student  in  Electrical  Engineering,         F.  B.  Crocker. 

Columbia    College,    School   of        Ralph  W.  Pope. 

Mines,  New  York  City.  W.  H.  Freedman. 

Asst.  Superintendent  Operating,  L.  S.  Boggs. 

Electrical   Dept.     Midwinter  R.  H.  Pierce. 

Fair,  San  Francisco,  Cal.  G.  Sacco  Albanese. 

Student  in  Electrical  Engineering,         F.  B.  Crocker. 

Columbia  College,  232  East  62nd  M.  I.  Pupin. 

St..  New  York  City.  W.  H   Freedman. 

Deep  River,  Conn.  Ralph  W.  Pope. 

T.  C.  Martin. 

Geo.  H.  Guy. 

M.  I.  Pupin 

F.  B.  Crocker 

W.  H.  Freedman 

A.  F.  McKissick. 

A.  M.  Schoen. 

A.  E.  Worswick, 

L.  S.  Boggs. 

R.  H  Pierce. 

O.  G.  Dodge. 

Edw.  L.  Nichols. 

F.  Bedell. 

Harris  J.  Ryan. 


Meredith,  Wynn 


Osteeberg,  Max 


Selden,  R.  L.,  Jr. 


Sever,  George  F. 


Smith,  Charles  Henry, 


Sprout,  Sidney 


Wardlaw,  George  A. 


Instructor  in  Electrical  Engineer- 
ing, Columbia  College.  121  East 
30th  St.,  New  York  City. 

Assistant  Electrician,  South  East- 
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Th»  PEKsroBNT : — The  regular  order  of  business  is  the  paper  for 
the  evening.  We  are  very  fortunate  this  evening  iu  having  with 
us  a  gentleman  who  is  in  every  respect  able  to  handle  the  im- 
portant subject  on  which  he  is  announced  to  speak,  viz.:  "  Prac- 
tical Properties  of  Polyphase  Apparatus."  Dr.  Louis  Bell,  of 
lioston,  will  now  read  the  paper. 

De.  Bbll  read  the  following  paper : 


A  faptr presented  at  the  Etghiy-tkird  Meeting  of 
the  American  Institute  of  Electrical  Engi- 
neered New  Yorky  January  ifthy  181)4.^  President 
Houston  in  the  Chair. 


PKACTICAL  PEOPEETIES  OF  POLYPHASE 
APPAEATUS. 

BY   LOUIS   BELL,    PH.D. 


During  the  past  two  years  the  use  of  polyphase  currents  for 
power  transmission  has  been  the  subject  of  many  papers  and 
discussions.  The  writers  engaged  have  been  of  two  classes, 
those  who  have  a  practical  concrete  knowledge  of  the  apparatus 
they  comment  upon,  and  those  who  have  not.  The  former  have 
for  the  most  part  merely  interpolated  casual  remarks  and  made 
general  recommendations.  The  latter  have  been  prolific  in  re- 
searches upon  paper,  and  experiments  upon  the  electrical  bric-a- 
brac  they  could  build  or  borrow.  The  whole  matter  has  been 
for  the  most  part  a  sort  of  ''  Messiah  dance "  of  doctrinaires^ 
varied  now  and  then  by  a  skirmish  between  rival  inventors  who 
for  commercial  reasons  could  give  the  public  very  little  detailed 
information.  Meanwhile  the  art  has  been  quietly  advancing, 
and  to-day,  with  half-a-dozen  plants  in  operation  abroad, 
and  as  many  more  in  our  own  country,  it  is  time  to  discuss 
more  freely  than  has  hitherto  been  possible,  their  nature  and 
properties. 

In  the  present  paper  I  intend  to  devote  myself  entirely  to  ex- 
))erimental  results,  verified  by  repeated  observation,  and  leave 
the  mathematical  investigation  of  the  subject  to  those  who  pre- 
fer to  conceal  their  more  or  less  exact  knowledge  in  that  alluring 
guise.  I  have  no  lack  of  respect  for  mathematics,  but  it  offers 
a  painfully  good  opportunity  for  generalizations  so  broad  as  to  be 
of  no  practical  use. 

In  speaking  of  polyphase  apparatus  it  should  be  clearly  under- 
stood that  I  regard  the  number  of  phases  as  accidence  rather 
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than  as  substance  of  the  matter.  As  the  namber  of  phases  is 
changed,  the  quite  interesting  and  not  always  unimportant  differ- 
ences  to  be  noted  are  more  often  of  degree  than  of  kind,  so  that 
while  most  of  ray  personal  experience  has  been  with  triphase 
currents,  much  of  what  I  have  to  say  is  quite  applicable  to  sys- 
tems having  more  or  less  phases,  provided,  of  course,  that  such 
systems  are  symmetrical. 

Of  systems  wherein  this  condition  is  not  fulfilled  I  shall  have 
something  to  say  in  discussing  polyphase  motors.  I  also  pre-sup- 
pose  that  we  are  to  deal  with  currents  giving  a  tolerable  approxi- 
mation to  sine  waves,  such  as  can  without  great  diflSculty  be  ob- 
tained. While  it  is  theoretically  true  that  departure  from  the 
sine  curve  causes  a  loss  of  energy  due  to  the  presence  of  higher 
harmonics,  they  must  be  larger  than  are  found  in  any  well 
designed  machine  before  they  produce  any  loss  of  efficiency  that 
is  of  practical  consequence.  I  have  observed  a  measurable  de- 
crease of  eflSciency  in  an  induction  motor  when  used  with  a 
generator  arranged  to  give  a  very  wide  departure  from  a  sine 
wave,  but  even  so,  less  than  might  easily  be  due  to  accidenta 
variations  in  the  iron  used  for  the  laminated  structure.  Electri- 
cal power  transmission  must  be  developed  into  conditions  beyond 
those  that  now  seem  to  us  extreme,  before  the  current  curves  now 
readily  attainable  will  need  revision.  On  very  long  lines  and 
under  voltages  already  near  the  limit  of  insulation,  we  shall 
certainly  have  to  consider  the  matter,  but  in  the  present  state  of 
the  art  we  may  generally  pass  it  by.  I  shall  refer  later  to  cases 
in  which  it  is  really  of  decided  importance. 

Polyphase  Generators. 

While  the  general  character  of  polyphase  dynamos  must 
closely  resemble  that  of  the  ordinary  alternator,  the  necessity  of 
applying  to  the  same  armature  two  or  more  phase-windings  leads 
to  modification  of  the  design  so  far  as  the  winding  is  concerned, 
and  quite  generally  in  the  direction  of  the  direct  current  type. 
In  fact  the  most  convenient  way  of  getting  polyphase  currents 
in  the  laboratory  or  for  experimental  use,  is  to  tap  the  head  of  a 
continuous  current  armature  in  the  requisite  number  of  points, 
put  on  collecting  rings  and  go  ahead.  A  small  multipolar  ma- 
chine of  220  or  500  volts  lends  itself  most  readily  to  this  use, 
but  generally  will  have  to  be  run  at  a  speed  considerably  higher 
than  normal  to  give  a  suflScient  number  of  cycles.     The  current 
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wave  given  is  apt  to  be  flat-topped,  and  in  small  machines  the 
windings  cannot  always  be  tapped  symmetrically,  but  the  method 
is  often  handy.  It  may  sometimes  be  useful  too,  to  derive  poly- 
phase currents  from  two  or  more  ordinary  alternators  with  their 
shafts  coupled  together,  or  from  composite  machines  having 
phases  on  separature  armature  cores,  but  these  devices  are,  I 
think,  rather  to  be  regarded  as  expedients  convenient  for  divers 
reasons  than  as  final  types.  This  is  on  the  broad  general  prin- 
ciple that  one  large  machine  is  more  economical  than  two  or 
more  small  ones  aggregating  the  same  output,  and  that  the  more 
completely  the  armature  core  can  be  utilized,  the  better  output 
can  be  obtained  from  the  same  structure.  Therefore  with  similar 
machines  of  equal  size  and  equal  magnetic  and  electrical  con- 
stants, a  polyphase  armature  winding  does  give  a  better  output 
than  a  single  phase  winding.  Of  course  it  is  possible  to  con- 
struct a  single  phase  machine  that  shall  give  a  better  output  per 
pound  of  weight  than  a  certain  concrete  polyphase  machine, 
just  as  one  might  manage  to  double  the  voltage  obtained  from  a 
given  armature  while  retaining  the  same  output,  but  other  things 
being  equal  the  more  phases,  the  better  output  in  a  given  struc- 
ture. All  this  has  been  made  so  clear  of  late  that  it  is  only 
necessary  to  emphasize  the  fact,  that  while  the  difference  in  out- 
put between  a  single  phase  and  a  two-phase  armature  is  quite 
considerable,  the  step  from  two,  to  three  phases  is  somewhat 
less  marked,  and  that  from  three  to  more,  of  relatively  little 
importance. 

It  should  also  be  noted  that  as  various  numbers  of  phases  can 
be  derived  quite  simply  from  two  and  three  phases,  it  is  quite 
unnecessary  to  consider  the  more  complicated  types  of  generator. 
The  tendency  in  building  polyphase  generators  is  certainly  to- 
ward the  development  of  a  rather  better  machine  than  we  have 
become  familiar  with  in  the  ordinary  alternators,  due  mostly  to 
the  impetus  given  alternating  current  machinery  in  general  by 
recent  demands.  This  has  led,  first,  to  the  adoption  of  a  lower 
frequency  than  formerly,  both  to  facilitate  the  use  of  motors  and 
to  avoid  the  serious  difiiculties  due  to  inductance  on  the  long 
lines  that  are  now  becoming  more  common.  Second,  it  has 
caused  more  attention  to  be  given  to  the  production  of  genera- 
tors able  to  take  care  of  fluctuating  and  inductive  loads,  such  as 
are  produced  by  motors,  without  excessive  over-compounding. 
With  a  properly  designed  machine,  the  popular  idea  of  the  diffi- 
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calty  of  regulation  under  an  inductiv^e  load  is  grossly  exagge- 
rated. A  generator  built  as  alternating  generators  should  have 
been  built  long  before  now,  with  proper  attention  to  the  produc- 
tion of  a  good  machine  for  all  around  practical  work,  will  take 
care  of  an  inductive  load  of  the  severest  kind,  more  easily  than 
the  average  alternator  found  to-day  in  central  stations,  will  handle 
a  load  of  incandescent  lights. 

I  can  point  out  the  practical  ease  of  regulating  a  polyphase 
generator  under  an  inductive  load  in  no  way  so  effectively  as  by 
giving  the  results  of  some  experiments  recently  tried  with  a  tri- 
phase  generator  of  260  k.  w.  normal  output.  It  was  ran  at  600 
revolutions  per  minute,  and  a  uniform  voltage  of  25(»0  volts  be- 
tween lines,  driving  a  synchronous  motor  of  similar  size,  which 
was  in  turn  belted  to  a  direct  current  generator.  This  arrange- 
ment enables  one  to  obtain  any  desired  output  with  a  very  wide 
range  in  the  lag  of  the  current  through  the  line.  Accurate  read- 
ings were  taken  of  the  currents  necessary  to  excite  the  generator, 
with  the  following  results,  the  voltage  being  preserved  uniform 
at  2500 : 

Exciting  current- output  about  80  k.  w.    No  lag 19.05  amp. 

Exciting  current-output  about  80  k  w.    Power  Factor  .2 21 .5  amp 

Exciting  current- output  260  k.  w.    No  lag 22.8  amp. 

Exciting  current-output  260  k.  w.     Power  Factor  .84 24.8  amp 

No  better  test  than  this  could  be  wished,  for  showing  the  exci- 
tation required  under  a  lagging  load.  It  should  be  noted  that  the 
power  factor  in  the  last  case  was  similar  to  what  would  be  found 
under  ordinary  circumstances,  in  running  a  load  of  inductive 
motors,  and  yet  the  increase  in  exciting  current  from  a  very 
light  load  with  no  lag,  to  a  full  load  with  very  decided  lag,  was 
only  25  per  cent  Experiments  with  other  machines  under  an 
inductive  load  show  results  similar  to  this,  so  that  I  think  we  can 
safely  say  that  a  well-designed  polyphase  generator  will  take 
care  of  an  inductive  load  easily  and  without  excessive  variation 
of  the  field  strength.  More  than  this,  the  regulation  required 
can  easily  be  made  automatic  in  cases  where  this  method  is  pre- 
ferred to  hand  regulation,  which,  however,  answers  most  pur- 
poses very  well. 

Of  course  the  polyphase  generator  can  be  made  self -com  pound- 
ing in  a  manner  closely  analogous  to  that  followed  with  an  ordi- 
nary alternating  generator.  The  rectification  of  the  necessary 
amount  of  current,  makes  this  method  somewhat  inconvenient  m 
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large  machines.    In  snch  cases,  we  may  effect  a  very  complete 
automatic  regulation  by  the  following  means. 

[Diagram  of  the  apparatus  is  shown  in  Figure  1.] 
The  generator  is  excited  from  a  rotary  converter  taking  its 
polyphase  current  from  the  main  machine  of  which  it  feeds  the 
:field  magnets  through  its  direct  current  side.  In  the  lines  be- 
tween the  rotary  converter  and  the  generator,  are  inserted  induc- 
tive resistances  which  serve  to  cut  down  the  voltage  applied  to  the 
polyphase  end  of  the  rotary  converter.  On  these  choking  coils 
are,  however,  reversely  wound  turns  from  the  main  circuit  of 
the  machine.  The  result  of  this  arrangement  is,  that  as  the  cur- 
rent in  the  main  line  fed  by  the  generator  rises,  the  inductance 
in  the  line  which  feeds  the  rotary  converter  is  gradually  removed, 


Fig.  1. 


aJlowing  the  voltage  to  rise  higher  and  higher,  in  proportion  to 
the  current  in  the  main  line. 

Fig.  1  gives  a  clear  idea  of  the  arrangement.  In  this  figure, 
a'  is  the  field  magnet  of  the  main  machine  of  which  b  is  the 
armature,  a  the  three  collector  rings,  the  machine  being  of  triphase 
type ;  f  f  are  the  field  magnets  of  the  rotary  converter  of  which  d  is 
the  armature,  1)  the  collector  rings  and  s  a  commutator  delivering- 
direct  current  to  the  fields  of  the  rotary  converter  f  f  and  to  the 
field  magnets  a'  a'  of  the  generator.  The  rotary  converter  may 
conveniently  be  brought  up  to  speed  by  its  pulley  p  unless  an- 
other triphase  machine  be  at  hand  by  which  to  start  it ;  m,  m', 
vf  are  the  three  inductive  resistances,  e  the  windings  connected 
with  the  rings  J,  d  the  reversely  wound  turns  connected  to  the 
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main  line.  Of  course  transformers  may  be  inserted  in  the  line 
between  the  inductances  and  the  rotary  converter,  if  the  volt- 
age of  the  main  generator  renders  it  desirable.  In  fact  such 
converters  wound  with  cumulative  turns  from  the  main  circuit 
may  replace  inductive  resistances.  I  have  experimented,  rather, 
more,  however,  with  the  form  shown  in  Fig.  1.  It  may  some- 
times be  convenient  to  employ  the  rotary  converter  merely  to 
excite  an  auxiliary  compound  winding,  in  which  case  it  can  be 
started  up  from  the  generator  already  worked  up  nearly  to  nor- 
mal voltage  by  its  own  exciter.  This  method  of  compounding 
polyphase  generators,  seems  to  promise  ready  applicability  to  the 
largest  machines  and  very  close  automatic  regulation  of  the 
voltage.  The  arrangement  may  be  varied,  but  the  underly- 
ing principle  must  remain  the  same — the  automatic  variation 
of  voltage  on  the  polyphase  end  of  a  rotary  converter,  in  re- 
sponse to  the  varying  output  of  the  generator  by  means  of  vary- 
ing inductances  obtained  from  coils  in  the  main  circuit,  and  act- 
ing either  directly  or  reversely  to  govern  voltage  applied  to  the 
rotary  converter.  In  practice,  the  method  works  quite  satisfac- 
torily and  effecti7ely.  It  permits  of  very  close  regulation  of  the 
voltage  for  all  loads  at  the  machine,  or  of  over-compounding  at 
the  distant  end  of  the  line  and  that  even  with  severely  inductive 
loads.  I  have  tried  a  number  of  experiments  to  determine  the  best 
working  conditions  of  this  method  of  compounding,  and  the  re- 
sults are  most  striking. 

A  certain  experimental  generator  of  about  30  k.w.  capacity, 
provided  with  triphase  armature  was  fitted  with  this  method  of 
regulation,  employing  for  the  rotary  converter  a  small  4-pole 
iron-clad  machine  fitted  with  triphase  connections.  The  speed 
of  the  generator  was  kept  constant  at  600,  the  rotary  converter 
running  at  1500 ;  at  no  load,  the  voltage  was  119;  at  full  load  120, 
the  load  consisting  of  banks  of  incandescent  lamps  operated  on 
the  secondaries  of  converters.  In  another  experiment  with  the 
same  machine  at  the  same  initial  voltage,  an  over-compounding  of 
10  volts  was  easily  obtained.  Without  regulation,  the  generator 
had  so  high  an  armature  reaction  that  it  would  not  regulate 
within  forty  per  cent.  On  a  standard  triphase  generator,  very 
close  automatic  regulation  can  be  obtained  by  this  method,  while 
even  with  the  experimental  machine  just  mentioned  above,  it  is 
possible  to  reach  quite  satisfactory  results. 


1894.] 


BELL  ON  POLYPHASE  APPARATUS, 


I  have  a  record  of  experiments  made  after  this  paper  was 
written,  and  illustrated  in  Fig.  2.  The  generator  was  first  run 
with  a  non-inductive  load  at  114  volts  initial.  The  output  was 
driven  up  to  20^  kilowatts  and  the  voltage  at  the  end  was  116.0 
(a).  It  had  varied  slightly  in  the  earlier  portion  of  the  curve, 
the  extreme  variation  from  the  initial  voltage  being  a  couple  of 
volte.  That  was  with  a  poor  machine,  and  lacked  the  good  re- 
sults that  could  have  been  obtained  had  the  compounding  ar- 
rangement had  less  work  to  do.  We  then  tried  the  same  machine 
under  inductive  load  (b).  The  initial  voltage  was  again  114  and 
it  was  arranged  to  over-compound  so  that  at  30  k.  w.  we  got  148 
volts.  The  device  over-compounds  just  as  handily  as  it  com- 
pounds for  uniform  voltage,  and  furthermore  I  may  say  that  by 
proper  adjustment  of  the  inductive  coils  and  the  rotary  con- 
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verter,  it  is  possible  to  make  the  machine  compound  closely  or 
over-compound,  either  for  inductive  load  or  non-inductive  load, 
or  for  a  load  which  is  varying,  sometimes  non-inductive  and 
sometimes  inductive.  The  very  act  of  the  shifting  of  the  phase 
due  to  nmning  with  an  inductive  load,  may  be  made  to  help  the 
rotary  converter  overcome  the  lagging  current,  as  was  the  case 
in  the  example  1  have  just  given,  where  the  voltage  rose  some- 
thing like  25  volts  on  a  heavy  load  consisting  of  induction 
motors  running  very  light. 

All  this  matter  of  regulation,  is  of  particular  moment  in 
installations  intended  mainly  for  power  purposes  where  the 
variations  in  load  are  apt  to  be  considerable.  Where,  however, 
these  variations  are  extreme  I  do  not  believe  that  any  automatic 
apparatus  can  altogether  obviate  the  necessity  of  watchful  and 
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intelligent  hand  regulation,  especially  when  waterwheels  are  the 
prime  movers.  It  should  be  remembered,  however,  that  the 
variations  in  voltage  which  pass  altogether  unnoticed  in  ordinary 
service,  and  are  practically  of  little  account,  are  much  greater 
than  would  be  at  first  sight  supposed.  An  evening  passed  in 
any  station  operated  by  water  power  teaches  a  useful  lesson  in 
this  respect.  Quite  considerable  occasional  variations,  particu- 
larly if  slow,  are  far  less  objectionable  than  repeated  or  periodic 
ones  of  much  less  magnitude,  such  as  are  produced  by  "hunting" 
in  a  governor  or  overmuch  fussing  with  the  regulating  devices. 
A  governor  should  be  "  dead  beat "  even  if  something  of  sensi- 
tiveness is  sacrificed  to  that  end. 

In  passing  from  the  subject  of  generators,  I  need  only  say  that 
polyphase  machines  present  no  startling  peculiarities  and  possess- 
no  mystical  properties.  All  that  is  needful  to  produce  a  good 
polyphase  dynamo  is  conscientious,  straightforward,  intelligent 
designing ;  fads  and  overmuch  ingenuity  generally  do  more  harm 
than  good. 

Polyphase  Generators  as  Motors. 

Polyphase,  like  other  alternating  current  generators  make  good 
synchronous  motors.  In  fact,  they  are  decidedly  better  than  others 
for  this  purpose,  in  that  they  are  self-starting  with  more  or  less 
facility,  and  do  not  go  out  of  step  quite  so  easily  as  the  single 
phase  machines.  They  are,  as  it  were,  more  flexible.  They  start 
really  as  induction  motors ;  that  is,  they  may  properly  be  re- 
garded  as  induction  motors  having  a  revolving  primary  element 
and  a  non-laminated  fixed  secondary  without  windings,  exerting 
torque  simply  by  virtue  of  induced  currents  in  the  pole-pieces. 

Naturally  they  cannot  start  very  efficiently  under  these  con- 
ditions and  for  motor  purposes  it  is  much  better  somewhat  to 
modify  the  structure,  so  as  to  provide  secondary  windings  or  other 
devices  to  approximate  the  effect  of  a  genuine  induction  motor. 
Nothing  very  complicated  in  this  line  is  necessary,  and  it  is  quite 
easy  to  produce  a  synchronous  motor  that  will  be  self-starting- 
even  with  a  considerable  load  of  shafting.  In  the  Eedlands 
tripliase  plant  for  example,  the  motor  of  160  h.  p.  is  belted  to  a 
short  countershaft  mounted  in  a  timber  frame  and  carrying  twa 
large  pulleys.  The  smaller  of  these,  drives  by  a  36-indi  belt  a 
wooden  wheel  18  feet  in  diameter  mounted  on  a  crank  shaft 
that  drives  two  large  ammonia  compressors.     A  pulley  on  thia 
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shaft  is  belted  back  to  the  framework  aforementioned,  and  drives 
a  force  pnmp  for  the  ice-making  machinery,  a  circulating  pump 
for  the  water  jackets  of  the  compressors,  and  a  small  ice  elevator. 
All  this  machinery  is  brought  promptly  up  to  synchronism  by 
the  motor  without  the  intervention  of  clutches.  The  starting 
torque  is  thus  quite  sufficient  for  most  ordinary  uses  to  which  a 
large  motor  is  likely  to  be  put. 

The  synchronous  type  of  polyphase  motor  is  especially  adapted 
to  large  units.  Being  a  non-laminated  structure  it  is  easier  to 
build  and  somewhat  cheaper  than  an  induction  motor  of  the  same 
size  would  be,  and  furthermore  it  possesses  the  advantage  of  in- 
troducing no  lagging  current  whatever  into  the  line,  except  at 
the  moment  of  starting.  While  this  lagging  current  is  not  of 
great  moment  on  ordinary  lines,  it  may  as  well  be  avoided  where 
by  so  doing  a  niachine  equally  as  good  and  cheap  can  be  obtained 
without  any  additional  complications.  With  large  units  too,  there 
is  generally  less  need  of  a  very  great  starting  torque,  and  con- 
sequently induction  motors  are  far  less  necessary  in  the  large 
sizes  than  in  the  smaller  ones. 

There  is  no  practical  difficulty  whatever  in  building  or  opera- 
ting these  large  synchronous  self-starting  motors  and  they  are 
likely  to  come  into  extensive  use. 

I  can  hardly  do  better  in  closing  a  description  of  polyphase 
generators  and  synchronous  motors  than  to  give  some  of  the  data 
obtained  from  tests  of  these  machines. 

A  260  K.  w.  machine  showed  at  full  load  about  94  per  cent, 
commercial  efficiency.  On  a  continuous  run  of  9^  hours  under 
full  load  the  heat  developed  was  as  follows,  the  figures  given 
being  rise  in  temperature  of  the  several  parts  above  the  tempera- 
ture of  the  surrounding  air : 

Field  colls 18«C. 

Yoke  7'.5C. 

Armature  teeth Si**  0. 

Armature  heads 20°  0. 

Taking  these  figures  in  connection  with  the  data  already  given 
for  exciting  current,  a  pretty  clear  idea  can  be  obtained  of  the 
general  character  of  a  modem  polyphase  generator  or  motor. 

Induction  Motors. 
Perhaps  the  most  striking  characteristic  of  the  polyphase  sys- 
tem is  the  use  of  the  polyphase  induction  motor,  obviating  as  it 
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does  necessity  for  moving  contacts,  and  enabling  the  ready  em- 
ployment of  forms  of  winding  which  give  remarkable  immunity 
from  the  ills  to  which  continuous  current  motors  are  heir.  In 
all  that  has  been  said  about  these  motors  there  has  been  an  un- 
fortunate absence  of  exact  data,  particularly  as  regards  their 
ability  to  start  under  heavy  loads,  the  current  required  at  start- 
ing, the  current  required  when  running  light,  the  lag  factors, 
light  and  loaded,  the  variations  of  speed  under  varying  load,  and 
other  characteristics  which  are  of  direct  practical  importance  in 
the  use  of  such  apparatus. 

Of  the  various  polyphase  motors  which  have  been  heretofore 
described,  some  appear  to  have  had  certain  of  these  above-men- 
tioned properties  well  developed,  and  others  very  badly  devel- 
oped. None  so  far  as  I  know,  seem  to  have  reached  any  carefully 
considered  balance  of  the  properties  necessary  to  make  a  good 
commercial  motor. 

It  is  my  purpose  now  to  take  up  the  induction  motor  as  it  can 
be,  and  is  developed  at  the  present  time,  and  to  give  some  plain 
facts  concerning  its  actual  properties ;  not  determined  from  single 
experimental  machines  but  from  types  which  have  been  pretty 
thoroughly  tried.  I  feel  it  especially  desirable  to  do  this  in 
order  to  correct  some  of  the  errors  into  which  those  who  are 
even  well  informed  about  polyphase  machinery,  have  but  too 
readily  fallen. 

The  induction  motor  consists  essentially  of  two  laminated 
structures,  one  fixed  and  the  other  revolving,  and  each  wound 
symmetrically  for  phases  more  or  less  in  number  according  to  the 
system  on  which  the  machine  is  to  be  employed.  It  may  be 
considered  as  a  transformer  with  its  magnetic  circuit  imperfectly 
closed,  and  of  which  one  member  is  free  to  revolve.  For  me- 
chanical reasons  I  think  it  is  generally  preferable  that  the  primary 
element  which  receives  the  higher  voltage  should  be  fixed,  and 
the  low  voltage,  secondary  element,  movable.  By  this  arrange- 
ment too,  all  necessity  for  moving  contacts  is  avoided.  For 
certain  specific  purposes  the  reverse  of  tliis  plan  may  now  and 
then  be  advisable. 

As  to  the  general  properties  of  these  machines,  I  can  hardly  sum 
them  up  better,  than  to  say  that  they  behave  in  a  manner  strik- 
ingly like  well  designed  shunt-wound  continuous  current  motors, 
having,  however,  the  advantage  of  being  simpler  and  of  having 
no  commutator.     Even  their  eflSciency  is  closely  similiar  to  that 
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of  continuous  current  motors  of  the  same  size,  both  as  regards  it& 
maximum  value,  and  its  value  under  moderate  loads.  The 
hjsteretic  losses  and  those  due  to  parasitic  currents  are,  however, 
a  source  of  inefficiency  that  has  to  be  carefully  considered  in 
order  to  reach  a  satisfactory  result. 

These  losses  are  located  in  large  measure  in  the  primary  ele- 
ment of  the  motor,  and  would  apparently  indicate  the  desirabil- 
ity of  making  this  the  revolving,  and  naturally  smaller  part  of 
the  machine.  The  advantage,  however,  of  using  a  very  simple 
and  substantial  winding  on  the  revolving  element,  is  too  great  to 
forego  for  the  sake  of  a  little  saving  in  hysteresis. 

Induction  motors  can  be  made  to  start  readily  under  load,  yield- 
ing when  properly  designed  for  the  purpose,  a  starting  torque  up  to 
four  or  five  times  the  full  load  running  torque.  Even  more  than 
this  can  be  obtained  if  it  be  needed,  but  for  most  practical  pur- 
poses, running  torque  is  quite  sufficient,  and  it  is  perhaps  best 
generally,  not  to  design  motors  with  abnormal  starting  powers  in 
view,  regarding  such  rather  as  special  types.  As  in  continuous 
current  work,  a  motor  fitted  for  unusually  heavy  strains  is  not 
necessarily  the  best  all  around  machine. 

For  everything  except  extraordinary  requirements  such  as  may 
be  sometimes  met  in  hoisting,  a  uniform  design  and  rating  may 
be  conveniently  kept,  as  it  is  very  easy  to  regulate  the  torque 
and  the  current  required  to  produce  it  within  wide  limits,  by 
varying  the  resistance  included  at  starting  in  the  secondary  cir- 
cuit. I  know  of  no  motors  without  such  a  starting  resistance 
that  are  capable  of  giving  any  considerable  starting  torque  with- 
out an  enormous  initial  rush  of  current,  and  even  were  one  de- 
signed to  secure  a  good  torque  without  armature  resistance,  it 
would  be  almost  certain  to  exhibit  various  other  undesirable 
qualities  that  would  more  than  ofifset  the  advantage. 

The  office  of  the  starting  resistance  is  two-fold  :  First,  it  limits 
the  possible  current  in  the  armature  so  that  it  will  not  beat  back 
the  induction  from  the  field  ;  that  is,  it  sets  a  limit  on  the  arma- 
ture reaction.  Second,  it  limits  also  the  lagging  in  phase  of  the 
armature  behind  the  field.  There  is  a  particular  resistance  best 
suited  to  each  case,  for  which  the  torque  is  a  maximum,  at  the 
given  voltage.  Any  variation  from  this  value  will  diminish  the 
torque,  the  current  meanwhile  rising  or  falling  according  as  the 
resistance  is  diminished  or  increased.  This  critical  resistance 
should  be  found  and  used  whenever  it  is  necessary  to  start  under 
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abnormal  loads.  At  a  certain  second  value  of  the  armature  re- 
sistance, the  torque  per  ampere  will  be  a  maximum,  and  this 
determines  the  best  resistance  to  be  used  for  cases  where  a  large 
static  torque  is  not  necessary.  Somewhere  between  these  points 
will  be  found  the  best  working  resistance  for  practical  purposes. 
The  first  point  named  does  not  call  for  impracticable  current, 
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noh  the  latter  for  inconvenient  torque,  if  the  motors  be  properly 
designed. 

In  using  a  starting  resistance  I  prefer  to  fix  it  within  the  arma- 
ture spider  and  so  to  avoid  all  need  of  collecting  rings.  Save  for 
this  device,  moving  contacts  of  some  sort  must  be  used  either  to 
lead  the  pripiary  current  into  the  revolving  element,  or  to  con- 
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Bdct  the  resistance  to  the  secondary,  either  of  which  procedures 
is  objectionable,  particularly  the  latter. 

There  is  no  subject  connected  with  polyphase  work  which 
has  been  the  theme  of  more  hasty  conclusions  and  ill-advised 
criticism  than  the  current  required  by  polyphase  motors  in  start- 
ing. The  popular  verdict  pronounces  it  enormous,  an  opinion 
generally  derived  from  hearsay,  or  from  experiments  with  poorly 
designed  motors,  often  with  armatures  of  the  squirrel  cage  type, 
than  which  nothing  is  more  ineffective  in  starting,  if  the  motor 
be  decent  in  other  respects. 

Nothing  can  be  more  grossly  exaggerated  than  this  commoB 
idea  of  immense  starting  curi'ents.  The  best  way  to  refute  it 
permanently  is  to  give  exact  experimental  figures.  The  annexed 
curves  (Fig.  3)  will  show  very  plainly  the  facts  in  the  case.  The 
torques  given  are  genuinely  static,  being  obtained  by  fitting  a 
horizontal  brake  beam  to  the  shaft  of  the  motor  and  resting  a 
stud  on  the  beam  upon  a  platform  scale.  The  resistances  used 
were  of  manganin  strip.  The  currents  were  obtained  from  a 
current  indicator  standardized  from  a  Siemens  dynamometer, 
and  the  readings  were  made  after  the  pointer  had  come  to  rest,  a 
precaution  very  necessary,  as  the  instrument  was  not  at  all  dead 
beat  The  current  thus  obtained  is  a  time  maximum  for  the 
given  torque,  the  armature  being  permanently  clamped  at  rest. 

In  Fig.  3  the  relation  between  starting  torque  and  current  is 
very  clearly  shown,  as  well  as  the  importance  of  the  starting  re- 
sistance. In  the  figure  the  curves  Aj,  A2,  As  belong  to  a  10  h.  f. 
triphase  induction  motor,  and  Bi,  b^,  Bs  to  a  similar  machine  of 
5  H.  p. 

Ai  shows  the  eflEect  of  varying  the  resistance  in  the  secondary 
on  the  relations  between  starting  torque  and  current,  the  voltage 
being  kept  normal  and  constant.  A2  shows  the  variation  of 
torque  with  current  for  a  given  fixed  resistance,  the  voltage 
being  varied,  and  the  resistance  being  such  as  to  give  heavy 
torque.  As  is  the  same  as  A2  except  that  the  resistance  was  such 
as  to  give  very  moderate  starting  currents.  Full  load  torque  was 
35  lbs. 

Bi,  B2,  B,  are  similar  curves  from  a  5  h.  p.  triphase  motor,  the 
full  load  torque  being  17.5  lbs.  Now  examine  the  curves.  In- 
stead of  abnormal  currents  being  required  in  starting,  each  of 
the  motors  under  examination  will  develop  full  running  torque 
on  considerably  less  than  full  load  current.     At  full  load  current. 
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in  fact,  each  of  them  gives  some  fifty  per  cent,  more  than  run- 
ning torque.  And  this  condition  of  things  is  not  in  the  least 
exceptional — it  will  be  true  of  any  properly  designed  motor 
unless  it  be  intentionally  adjusted  to  have  a  very  great  starting 
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effort  at  normal  voltage,  as  shown  in  Fig.  4  which  is  a  curve 
from  a  10  h.  p.  motor.  Here  curve  a  shows  the  relation  between 
current  and  torque  with  a  carefully  adjusted  resistance,  and  curve 
B  the  same  relation  without  armature  resistance.  In  this  latter 
case  we  have  reproduced  just  the  state  of  affairs  that  is  encountered 
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when  one  attempts  to  start  an  induction  motor  by  a  rheostat  in 
the  primary  circuit.  A  comparison  of  a  and  b  tells  its  own 
story  as  to  the  advisability  of  this  procedure.  The  results  are 
never  comparable  with  those  obtained  with  a  resistance  in  the 
secondary  tinder  similar  conditions.  Curve  o  gives  the  torque 
of  a  special  15  h.f.  motor,  full  running  torque  being  52.5  lbs.  It 
may  be  well  here  to  note  that  an  ohmic  resistance  cannot  be  re- 
placed by  an  inductive  resistance  for  the  purpose  under  considera- 
tion, as  the  armature  current  is  thrown  thereby  so  much  out  of 
phase  that  no  even  tolerable  results  can  be  obtained.  In  leaving 
the  subject,  1  need  only  say  that  there  is  no  particular  difficulty 
in  constructing  a  polyphase  motor  that  will  give  any  torque  that 
can  reasonably  be  asked,  and  with  a  starting  current  by  no  means 
disproportionate  to  the  result  obtained. 
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The  next  thing  that  comes  up  for  consideration,  is  the  power 
factor  which  may  be  expected  in  polyphase  motors.  By  the 
power  factor  we  mean  the  ratio  between  real  and  apparent  watts 
which  measures  the  angle  of  lag  introduced  by  the  motor.  It 
goes  without  saying  that  a  high  power  factor  is  desirable  both  on 
the  ground  of  requiring  less  current  capacity  in  the  lines  and 
generators  and  on  accotmt  of  less  inductance  in  the  circuit, 
and  consequently  less  trouble  in  keeping  up  the  proper  voltage. 
In  motors  of  various  designs,  the  power  factor  is  probably  the 
point  in  which  there  is  the  greatest  and  most  serious  variation. 

Fig.  5  gives  three  curves  showing  the  variation  of  power 
factor  with  load,  in  three  typical  three  phase  motors.  Curve  a 
is  the  power  factor  of  a  15  h.  p.  four-pole  motor  designed  to  run 
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at  50  cycles.  Curve  b  is  from  a  5  h.  p.  motor  of  closely 
similar  design.  Curve  o  is  from  another  6  h.  p.  motor  which 
had  specially  valuable  characteristics  in  the  matter  of  power 
factor.  The  last  curve  shows  what  may  be  accomplished  by  de- 
signing with  special  care  for  a  high  value  of  power  factor. 

Now  the  points  to  be  noticed  in  these  curves  are  the  follow- 
ing: 

1st.  That  in  all  three  motors  at  and  near  full  load^  the  power 
factor  is  closely  in  the  vicinity  of  90  per  cent. — ^in  curve  o 
fully  94  per  cent. 

2d.  The  power  factor  even  at  half  load  is  still  good.  In  the 
15  H.  p.  motor  it  is  84  per  cent. ;  in  one  of  the  6  h.  p.  motors  it 
is  75  per  cent.:  and  in  the  other  79  per  cent.    In  fact  the  half 


100 

^ 

80 

^ 

80 

/ 

/ 

B 

y 

y 

l-ttO 

z 

A 

i  4' 

y 

^50 

^ 

/ 

^ 

/^ 

^ 

so 

— ^ 

^ 

^ 

y 

. 

"^ 

^ 

10 

o 

e       9      10      11      12K.W 


Fig.  6. 


load  values  for  the  power  factor,  as  here  shown,  are  greater  than 
the  full  load  power  factors  of  European  three  phase  motors 
which  have  been  described  up  to  date.  The  Dobrowolsky  5 
H.  p.  three  phase  motor^  has  a  full  load  power  factor  of  but 
.68,  while  the  power  factor  of  a  small  Oerlikon  motor  (as  de- 
scribed by  Mr.  Kapp  from  actual  tests)  is  but  74  per  cent,  at  full 
load.  We  must  not,  however,  attach  too  much  practical  import- 
ance to  very  high  power  factors,  for  the  reason  that  those  shown 
in  Fig.  5  are  already  within  the  range  of  first-class  commercial 
work.  Perhaps  we  may  better  investigate  the  relation  of  this 
power  factor  in  actual  operation  by  reference  to  Fig.  6  which 
shows  the  relative  currents  required  at  different  loads  by  three 
1.  Electrical  World,  April  22,  1893. 
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sizes  of  three  phaae  motors.  Curve  a  is  for  a  5  h.  p.  motor, 
curve  B  for  a  10  h.  p,,  and  curve  c  for  a  15  h.  p.  For 
convenience  we  will  call  the  ordinates  total  amperes  required. 

Suppose  now  we  have  a  dynamo  running  an  exclusively  motor 
load  composed  of  these  three  sizes  of  machines  and  let  us  see 
what  will  be  the  actual  conditions  when  the  motors  are  running 
fully  and  partly  loaded.  Let  us  suppose  the  load  to  consist  of 
10,  15  H.  p.,  10,  10  H.  p.,  and  20,  5  h.  p.  motors  running  at  full 
load.  The  current  demanded  (as  by  the  curves  on  Fig.  6  for  this 
combination,  is  1950  amperes,  and  the  average  lag  factor  will  be 
at  least  88  per  cent.,  which  could  readily  be  raised  to  90  per  cent, 
if  it  were  desirable  to  pay  special  attention  to  thai  feature  of 
design. 

At  half  load  the  aggregate  current  required  would  be  1125 
Amperes — 57  per  cent,  of  the  full  load  amperes — and  the  average 
power  factor  81  per  cent.  Even  at  one-third  load  the  condition 
of  things  is  by  no  means  as  serious  as  it  might  be,  inasmuch  as 
the  aggregate  current  is  890  amperes— 45  per  cent,  of  the  full 
load  amperes — and  the  power  factor  is  still  72  per  cent.  The 
generator  can  readily  take  care  of  any  of  these  loads  without 
43eriou6  trouble  from  the  lag  introduced  on  the  line,  and  even 
supposing  that  the  total  generator  capacity  be  taken  at  200  h.  p. 
instead  of  350,  the  aggregate  capacity  of  the  motorsj  it  would 
still  be  able  to  operate  all  the  motors  at  half  or  one-third  load, 
without  unreasonable  over-excitation  on  account  of  the  lagging 
current,  as  may  readily  be  perceived  by  reference  of  figures  for 
excitation  and  the  lagging  current  which  1  have  previously 
given. 

Of  course  it  is  possible  to  reduce  the  lag  factor  perceptibly  by 
the  employment  of  condensers,  but  it  is  certainly  an  open  ques- 
tion whether  so  long  as  it  is  practicable  to  obtain  power  factors 
in  the  vicinity  of  90  per  cent.,  and  even  above  it,  without  using 
condensers,  the  extra  gain  is  worth  the  extra  complication. 
There  will  certainly  be  some  value  of  the  power  factor  which  it 
will  not  pay  to  increase  by  adding  condensers — just  what  value  it 
is  hard  to  predict  until  condensers  have  come  into  more  general 
use.  Even  if  condensers  be  used,  they  will  not  necessarily  bring 
up  the  power  factors,  at  moderate  loads,  to  any  very  startling 
figures. 

The  place  where  it  is  most  desirable  to  retain  as  high  a  value 
-as  possible  for  the  power  factor,  is  where  the  motors  are  to  be 
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used  on  long  circuits,  in  which  case  it  is  important  to  keep  the 
general  inductance  of  the  system  low.  In  this  connection,  how- 
ever, nearly  all  the  long  distance  propositions  which  I  have  in- 
vestigated— and  their  number  is  very  great— require  the  use  of 
mixed  apparatus— induction  motors,  synchronous  motors  and 
lighting,  in  which  case  the  general  energy  factor  can  be  kept  fairly 
high,  particularly  as  the  synchronous  motors  can  even  be  made 
to  compensate  in  large  measure  for  the  presence  of  the  induction 
motors. 

A  word  now  with  reference  to  efficiency.  Fig.  Y  gives  a  pair  of 
efficiency  curves,  one  of  them,  a,  taken  from  a  5  h.  p.  motor,  the 
other,  B  from  a  20  h.  p.  machine.  The  5  h.  p.  motor  had  four 
poles,  the  20  h.  p.,  six,  and  both  were  intended  to  run  at  50 
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cycles.  A  glance  at  the  curves  will  show  that  their  full  load 
efficiencies  were  respectively  a  trifle  over  82  and  88  percent.,  the 
larger  motor  in  particular  retaining  a  very  uniform  efficiency 
from  half  load  up.  These  figures  can  be  praised  by  paying  the 
same  attention  to  the  iron  as  in  the  case  of  transformers  which 
do  not  have  a  movable  secondary. 

The  two  in  question  had  stampings  of  ordinarily  good  arma- 
ture iron  without  extraordinary  precautions  is  annealing.  From 
a  special  5  h.  p.  motor  I  have  obtained  a  full  load  efficiency  of 
very  nearly  90  per  cent.  I  can  hardly  refrain  from  comparing 
these  efficiency  tests  with  those  of  motors  of  similar  size  and  of 
the  synchronous  alternating  type,  as  made  by  Ganz  and  Co.,  and 
described  in  the  report  of  the  Frankfort  Commission,  the  period- 
icity being  42.     In  this  case  the  maximum  efficiency  of  a  25  h.  p^ 
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motor  was  Sd  per  cent,  the  half  load  efficiency  about  80,  while 
the  maximum  efficiency  of  a  5  h.  p.  motor  was  but  80  per  cent. 
All  these  are,  of  course,  commercial  efficiencies.  Motors  of  other 
sizes  will  bear  about  the  same  relation  to  the  figures  ^ven  as  in 
the  case  of  ordinary  continuous  current  machines,^  the  two  shown 
being  thoroughly  typical. 

To  conclude  the  matter  of  efficiency  I  annex  the  weight  effici- 
encies of  fi^e  sizes  of  induction  motors : 

H.  P.  Weight  per  h.  p. 

5 108 

10 66 

16 68 

20 78,  6-pole 

100 66,  8-pole 

These  weights  compare  extremely  well  with  those  of  any  stan- 
dard direct  current  machines,  and  were  light  weight  a  special  ob- 
ject, could  readily  be  considerably  improved. 

Much  has  been  said  regarding  the  effect  of  frequency  on  the 
properties  of  induction  motors,  and  I  am  sorry  to  say,  most 
generally  from  a  purely  theoretical  standpoint.  Judging  from 
numerous  experiments  between  30  and  70  cycles,  I  am  strongly 
of  the  opinion  that  within  this  range  not  much  is  gained  or  lost 
by  varying  the  frequency,  provided  the  motors  are  designed  with 
reference  to  the  particular  frequency  at  which  they  are  to  be 
used,  although  as  in  static  transformers,  increased  frequency  tends 
to  increased  output.  As  reasons  quite  independent  of  the  char- 
acter of  the  motors  which  can  be  obtained,  limit  the  frequency 
advisable  in  power  transmission  work  to  something  like  the 
working  range  just  mentioned,  I  do  not  think  the  gain  is  one  of 
sufficient  importance  to  cause  a  choice  to  be  made  of  one 
moderate  frequency  rather  than  another.  For  example,  low 
cycles  compel  the  use  of  uncomfoi'tably  large  2-pole  induction 
motors,  while  at  high  cycles  even  very  small  motors  must  have 
6  or  8  poles.  At  10  cycles  the  higheet  possible  motor  speed  is 
600,  at  100  8  poles  are  necessary  to  get  any  decently  low  speed. 

I  will  now  briefly  pay  my  respects  to  what  are  really  unsym- 
metrical  polyphase  motors,  that  is,  the  so-called  non-synchronous 
single  phase  motors,  which  start  by  means  of  some  phase  differ- 
entiating device,  whereby  a  derived  phase  is  employed  to  pro- 
duce a  sort  of  rotary  pole.  The  result  is  what  may  be  character- 
ized as  an  elliptical  rotary  magnetization,  as  distinguished  from  a 
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circalar  one,  and  consequent  loss  of  efficiency.  In  general  they 
start  and  run  like  bad  polyphase  machines,  have  a  less  output  for 
the  same  size,  and  a  lower  efficiency.  These  statements  are  amply 
borne  out  by  figures  which  have  been  published  on  the  Oerlikon 
three  phase  and  single  phase  motors,  showing  that  the  latter  have 
for  the  same  output,  greater  weight  and  less  efficiency.  The 
power  factors  of  such  motors  are  decidedly  below  those  of  poly- 
phase motors.  I  believe  that  it  would  be  possible,  however,  ta 
design  a  motor  of  this  class  which  should  have  nearly  us  good 
properties  as  the  polyphase  motors  I  have  described,  but  it  would 
be  costly,  and  would  perform  much  better,  if  regularly  wound  for 
two  or  three  phases.  In  other  words  the  same  structure  that 
would  give  a  good  single  phase  motor  would  give  a  phenomenal 
polyphase  one.  With  single  phase  induction  motors,  the  use  of 
condensers  would  be  decidedly  advantageous,  and  they  thus- 
might  be  made  fairly  operative  even  at  rather  high  cycles. 

Tbansfobmbbs. 

The  static  transformers  used  for  polyphase  work  being,  in  all 
essential  particulars,  like  those  with  which  the  public  is  already 
familiar,  little  need  really  be  said  on  this  score  except  that  in 
most  cases  the  average  efficiency  of  transformers  in  polyphase 
plants,  will  be  found  decidedly  better  than  in  the  lighting  plants 
now  in  operation,  principally  for  the  reason  that  larger  units  are, 
and  will  be,  generally  used. 

The  question  of  frequency  is  of  more  importance,  however, 
and  the  general  facts  in  the  case  are  that  the  low  frequency 
transformers,  other  things  being  equal,  are  the  more  bulky  and 
expensive,  though  not  in  a  very  great  degree.  Within  the  work- 
ing range  for  power  transmission  work,  the  difference  is,  as  in  the 
case  of  motors,  not  so  considerable  as  entirely  to  overshadow 
other  considerations  which  arise  in  specific  cases,  such  as  those 
of  permissible  inductance,  size  of  units,  permissible  heating,  loss 
of  energy  generaUy  under  the  particular  circumstance  considered,, 
and  the  like. 

ROTABY   CONVEETBBS. 

The  convenient  and  efficient  use  of  rotary  converters  is  a  very 
characteristic  advantage  of  polyphase  systems.  These  machines 
have  already  been  considerably  discussed,  and  it  is  perhaps  suffi- 
cient to  say,  as  regards  their  general  character,  that  they  are,  in  all 
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essential  particulars^  closely  similar  to  standard  direct  current 
machines.  They  are  self-starting,  can  readily  be  compounded 
for  constant  potential,  and  behave  in  all  respects  like  direct  cur- 
rent  generators.  It  is  possible  to  make  a  similar  single  phase 
machine  of  somewhat  smaller  ontpat  for  the  same  size,  and  non- 
self-starting.  In  actual  operation  they  are  highly  satisfactory 
and  appear  to  give  considerably  better  results  than  any  methods 
which  have  yet  been  brought  forward  for  converting  alternating 
into  direi-t  current  by  any  species  of  commutation. 

As  a  good  many  of  our  friends  who  are  not  deeply  versed  in 
the  electrical  industry  say,  electricity  is  in  its  infancy,  and  from 
all  I  can  learn,  the  art  of  directly  commuting  an  alternating  cur- 
rent and  getting  a  decent  direct  current  is  very  decidedly  in  its 
infancy. 

In  the  use  of  notary  transformers,  the  frequency  is  a  considera- 
tion of  much  more  importance  than  in  the  case  of  transformers  or 
of  induction  motors.  It  is  a  matter  of  some  diflBculty  to  build 
a  large  unit  for  high  frequency,  the  difficulty  being  encountered, 
as  might  be  expected,  in  the  commutator.  It  is  probably  as  easy 
or  easier  to  build  a  500  k.  w.  unit  for  30  cycles,  as  it  is  to  build 
a  10  >  K.  w.  unit  for  60,  so  that  wliere,  for  any  cause,  it  becomes 
necessary  to  use  a  large  number  of  rotary  transformers,  this 
necessity  may  quite  control  one's  choice  of  the  precise  frequency 
to  be  employed. 

In  all  practical  cases  of  transmission  of  power,  rotary  con- 
verters require  the  use  of  transformers  for  reducing  the  line 
potential,  inasmuch  as  if  they  are  not  used,  the  voltage  on  the 
main  line  will  necessarily  be  so  low  that  it  would  be  quite  as  well 
or  better  to  transmit  the  continuous  current  directly. 

The  System. 

In  planning  a  polyphase  system,  one  of  the  first  questions  that 
naturally  arises,  is  that  of  frequency  in  its  relation  to  the  machine- 
ry, the  line  and  the  service.  So  far  as  the  first  count  is  con- 
cerned, one  can  say  that  while  in  general  the  higher  the  frequency 
the  less  the  bulk  of  the  apparatus,  each  size  of  unit  has  a  certain 
frequency  which  gives  the  greatest  economy  in  material  and 
labor.  The  larger  the  unit  the  less  this  frequency.  The  rate  of 
change,  however,  is  rather  slow,  and  as  an  actual  result  of  de- 
signing with  economy  in  view,  the  largest  units  as  yet  proposed, 
6,000  to  10,000  H.  p.,  will  show  very  little  difference  in  economy 
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between  say  25  and  40  cycles.  In  discussing  frequency,  theorists 
have  often  fallen  into  the  grievous  error  of  considering  only  the 
generating  units.  The  load  of  transformers  and  motors  is  of 
equal,  in  fact  of  greater  importance,  since  the  actual  aggregate 
6o8t  is  far  greater,  and  in  nearly  every  practical  case,  will  call 
for  a  frequency  considerably  higher  than  in  the  case  of  the 
generating  units.  One  might,  for  instance,  by  ignoring  this  fact, 
aave  $10,000  in  the  generators  and  lose  $50,000  in  the  trans- 
formers and  motors. 

So  far  as  the  line  alone  is  concerned,  the  lower  frequencies  are 
the  better,  since  they  reduce  inductance  and  static  effects. 
Nevertheless  too  much  importance  should  not  be  attached  to 
this,  since  the  vast  majority  of  cases  can  be  handled  with  perfect 
success  at  a  frequency  of  50  or  60  '^.  For  example,  one  can  trans- 
mit 1,000  K.  w.  at  10,000  volts  a  distance  of  20  niiles  or  so  on  a 
single  circuit  (three  phase)  and  still  have  the  total  impedance 
less  than  double  the  ohmic  resistance.  In  practice,  such  a  system 
would  generally  too,  carry  a  considerable  output  in  synchronous 
motors  which  can  be,  and  should  be,  made  to  serve  as  gigantic 
capacities,  reducing,  or  even  annulling,  the  inductive  drop. 
Finally  we  come  to  the  service.  There  is  a  frequency  below 
which  incandescent  lamps  cannot  be  operated  without  percep- 
tible flickering.  This  frequency  certainly  varies  with  different 
observers  and  perhaps  also  with  the  same  observer  at  different 
times.  Professor  Mangarini  and  others  have  placed  the  limit  as 
high  as  40  or  50  ^.  The  average  eye,  1  think,  is  less  sensitive 
than  this.  Personally,  the  limit  seems  to  be  about  30  ^  cer- 
tainly over  25  ^  and  under  35  '^,  and  a  number  of  other  ob- 
servers unite  on  about  these  same  figures.  It  would  be  almost 
impossible  not  to  notice  variations  at  25 '^,  and  they  are  most 
annoying,  not  to  say  intolerable :  30  '^  certainly  leaves  a  small 
enough  factor  of  safety. 

Alternating  arc  lights  are  even  more  sensitive.  The  very  best 
carbons  begin  to  give  considerable  trouble  at  40 '^,  and  with 
most  carbons,  flickering  is  perceptible  at  50  or  even  at  60. 

Inasmuch  as  most  large  systems  find  the  arc  lighting  desirable, 
and  practically  all  must  use  many  incandescent  lamps,  the  fre- 
quency should  certainly  be  kept  above  30  ^  and  preferably  above 
40.  To  go  below  30  ^  is  wantonly  to  throw  away  the  most 
characteristic  advantages  of  the  alternating  system,  and  in  the 
vast  majority  of   cases  is  not  worthy  of  serious  consideration. 
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Capacity. 

To  my  mind  the  most  serious  consideration  in  long  overhead 
lines  and  all  underground  lines  is  static  capacity.  Particularly 
is  this  the  case  when  the  current  waves  are  non-sinusoidal,  for  in 
such  case  we  can  get  phenomena  of  resonance  not  only  from  the 
fundamental  frequency  which  is  generally  low  enough  to  keep 
out  of  the  way,  but  from  the  higher  harmonics  as  well.  These 
are  liable  to  produce  discharges  that  will  rupture  almost  any 
finite  insulation  For  this  reason  the  sine  wave  is  highly  desir- 
able, far  more  than  from  any  considerations  of  eflSciency.  I  am 
sure,  however,  that  a  sufficiently  close  approximation  to  it  can 
generally  be  obtained  from  a  properly  designed  dynamo,  and  the 
inductance  that  generally  exists,  helps  to  muffle  the  higher  har- 
monics. Resonance  is  generally  in  evidence  on  long  lines  how- 
-ever,  and  makes  itself  felt  by  a  tendency  to  spark  and  sputter 
beyond  the  capabilities  of  the  nominal  voltage.  It  may  prove 
advisable  in  some  cases  when  dealing  with  non-sinusoidal  waves, 
to  give  the  line  artificially  a  capacity  that  will  not  readily  respond 
to  the  most  prominent  harmonics.  I  remember  once  experi- 
menting with  a  tuning  fork  with  a  sixth  harmonic  that  quite 
drowned  the  fundamental,  and  it  is  quite  possible  to  conceive  of 
a  dynamo  with  undesirable  characteristics  of  a  similar  sort. 

Voltage. 

The  upper  limit  of  practicable  voltage  is  most  uncertain: 
5,000  and  10,000  volts  have  been  experimentally  shown  to  be 
Available,  and  15  to  25,000  possible  If  the  conditions  to  be 
met  render  these  voltages  necessary,  I  think  they  can  be  handled 
well  enough.  The  question  really  resolves  itself  into  the  com- 
mercial one  of  paying  for  the  necessary  precautions  in  insulation. 
A  voltage  will  be  reached,  however,  at  which  these  precautions 
will  cost  more  than  the  extra  copper  required  for  a  lower  voltage, 
and*here  commercial  necessity  will  call  a  halt.  This  point,  how- 
ever, has  yet  to  be  experimentally  found. 

Whether  these  high  voltages  should  be  derived  direct  from  the 
machine,  or  obtained  from  step-up  transformers,  is  a  question 
which  has  been  often  discussed.  The  high  voltage  dynamo  in 
very  large  sizes  has  the  advantage  in  first  cost  over  one  of  low 
voltjige  plus  transformers,  but  runs  afar  greater  risk  of  serious 
injuries.     Besides,  what  is  of  practical  impoilance,  is  that  with  a 
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high  voltage  dynamo,  if  anything  happens,  the  dynamo  is  gone. 
Take  a  10,000-volt  dynamo,  let  a  rupture  once  get  started,  and  it 
is  a  case  of  ruined  machine  practically  every  time.  When  yon 
have  transformers  and  a  bum-out,  you  may  have  lost  one  or  more 
transformers  to  be  sure,  but  probably  you  are  running  banked. 
Indeed  it  is  very  foolish  to  put  all  one's  eggs  in  one  basket  in  such 
a  matter.  So  instead  of  losing  a  6,000  or  10,000  h.  p.  dynamo 
you  may  lose  only  a  transformer  of  100  k.  w.  or  something  of 
that  kind.  Although  we  would  all  like  to  use  high  voltage 
dynamos  on  account  of  economy  in  first  cost,  until  they  have 
been  practically  proved  to  be  suflSciently  free  from  break-downs, 
I  should  say  it  would  be  very  poor  practice  to  use  them  exten- 
sively, although  they  are  now  being  tried  somewhat  and  I  hope 
we  shall  find  the  results  to  be  good. 

I  am  now  compelled  to  disturb  a  very  much  mooted  question? 
that  is,  the  amount  of  copper  required  for  polyphase  lines.  It 
goes  almost  without  saying  that  all  polyphase  systems  using  & 
complete  circuit  per  phase  will  require  the  same  amount  of  cop- 
per as  an  ordinary  alternating  system.  Some  statements  have 
been  going  ai  ound  recently  as  to  the  relative  amount  of  copper 
required  for  the  alternating  system  and  for  the  direct  current, 
which,  I  think,  are  very  largely  founded  on  a  misconception. 
They  seem  to  proceed  on  the  principle  that  in  all  cases  where 
alternating  currents  can  be  employed,  we  may  consider  direct 
current  as  a  straightforward  competitor.  This  is  certainly  not  so. 
In  a  vast  number  of  cases  where  we  have  to  deal  with  voltages 
somewhere  near  the  limit  of  insulation,  the  direct  current  is  out 
of  it  from  the  start,  and  is  not  to  be  considered  at  all.  In  the 
second  place  it  is  a  grave  question  whether  the  electrolytic 
strains  of  the  direct  current  are  not  under  some  circumstances, 
perhaps  many  circumstances,  fully  as  bad  as  the  electrostatic 
stresses  caused  by  the  somewhat  higher  alternating  voltage.  That 
is  a  subject  that  will  have  to  be  studied  very  thoroughly  before 
we  shall  know  quite  where  we  stand.  Now  as  regards  the  cop- 
per  required  for  polyphase  circuits  which  are  interlinked,  I 
went  to  the  trouble,  for  the  sake  of  informing  a  few  recalcitrant 
persons  who  do  not  want  to  believe  a  mathematical  demonstra- 
tion; of  having  an  experiment  actually  made,  setting  up  a  tri- 
phase  generator  with  a  bank  of  lamps  in  the  laboratory,  and  try- 
ing the  relative  conditions  as  between  a  single  phase  system  and 
a  triphase  system  with  interconnected  circuits.     The  experiment 
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was  performed  in  an  exceedingly  simple  manner.  Four  non-in- 
ductive artificial  lines  were  prepared,  and  using  two  of  these  in 
parallel,  a  certain  amount  of  energy  was  transmitted  to  lamps 
banked  at  the  other  end.  A  single  phase  current  was  used,  and 
the  losses  carefully  measured.  Then  one  of  the  lines,  this  ex- 
periment having  been  made,  was  removed,  and  the  remaining 
three  wires  worked  on  the  triphase  system,  transmitted  the  same 
energy  at  the  same  initial  voltage,  with  the  same  loss,  showing 
conclusively,  as  might  be  expected,  that  theory  in  the  matter  is 
quite  correct  and  that  the  actual  saving  of  copper  in  the  inter- 
connected triphase  system  is  twenty-five  per  cent.  The  experi- 
ment came  out  within  one  per  cent,  of  the  calculated  amount^ 
and  this  must  be  true  whatever  assumption  is  made  regarding 
the  conditions  under  wliich  we  are  to  transmit  power.  Take  a 
plain  alternating  system  at  any  voltage  you  please,  and  compute 
the  copper  on  any  series  of  hypotheses  that  may  suit  your  fancy, 
yet  the  interconnected  three  phase  will  do  the  same  work,  and 
do  it  just  as  well  with  three-fourths  the  outlay  for  copper.  It  is 
precisely  equivalent  in  its  net  result  on  the  economy  of  the  sys- 
tem to  raising  the  voltage  about  fifteen  per  cent,  without,  how- 
ever, any  added  strain  on  the  insulation,  and  I  think  the  man 
would  indeed  stulify  himself  who  would  deny  that  raising  the 
voltage  affects  the  economy  of  the  system.  Aside  from  all  other 
questions  concerning  it,  an  additional  advantage  of  this  particu- 
lar type  of  circuit  is  the  greatly  reduced  inductance  for  the  same 
energy  transmitted  under  similar  conditions,  amounting  only  to 
about  57  per  cent,  of  that  found  on  a  single  phase  circuit. 
This  reduced  inductance,  which  after  all  is  in  part  attributable  to 
the  less  cross-section  of  copper  required,  or  is  rather  interlinked 
with  it,  is  perhaps  the  greatest  advantage  that  this  particular 
system  has,  and  makes  it  of  extreme  value  on  all  very  long  lines* 
There  are  not  very  many  points  which  differentiate  triphase 
from  other  polypliase  systems,  and  so  far  as  my  knowledge  goes, 
the  two  that  I  have  mentioned  are  by  far  the  most  important, 
more  especially  that  which  relates  to  inductance  and  incidentally 
to  capacity — ^getting around  as  it  does  the  "bugs"  which  are 
most  dreaded  on  very  long  distances.  So  much  for  some  of  the 
practical  considerations  regarding  polyphase  plants. 

I  may  say  that  we  now  have  in  this  country  five  polyphase 
plants  running,  not  all  of  them  very  big,  but  perhaps  averaging 
as  large  as  the  foreign  ones.     One  of  them,  that  of  my  friend 
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Stanley  at  Pittsfield,  is  a  two  phase  plant.  The  others  at 
Taftsville,  Conn. ;  Concord,  N.  H. ;  Hartford,  Conn.,  and  Red- 
lands,  CaL,  are  triphase.  Of  those  four  tri  phase  plants,  one  is 
particularly  concerned  with  running  induction  motors.  It  is  a 
small  temporary  generator  installed  in  the  present  station,  and 
taking  care  of  several  induction  motors.  Two  others— those  in 
Connecticut — are  synchronous  plants,  the  Taftsville  plant  con- 
sisting of  a  300  H.  p.  generator  and  similar  motor,  and  the  Hart- 
ford plant  being  of  like  size  but  an  older  type  of  machine.  The 
Taftsville  plant  I  started  only  yesterday.  The  purpose  of  the 
plant  is  to  drive  a  cotton  mill.  Yesterday  afternoon  a  synchro- 
nous motor  was  started  up — and  it  did  start  quite  readily — at  the 
Taftsville  end  of  the  line,  the  power  station  being  four  and  a 
half  miles  distant  and  the  voltage  l>eing  2,500.  When  the  motor 
got  up  to  speed,  the  motor  clutch  was  thrown  in  so  that 
the  motor  was  running  in  parallel  with  the  engine,  and  the  load 
was  then  shifted  from  the  engine  to  the  motor  without  pro- 
ducing any  noticeable  disturbance  at  all.  The  shuttles  moved 
sluggishly  for  a  few  strokes,  and  then  went  up  to  their  normi^ 
speed,  the  service  on  the  looms,  which  are  occupied  with  weav- 
ing specially  delicate  cotton  fabrics,  being  quite  uninterrupted. 
In  the  course  of  the  afternoon  when  it  got  quite  dark  at  the 
power  station,  so  that  there  was  not  suflScient  light  to  attend  to 
the  long  lines  of  shafting,  the  reverse  process  was  put  in  play. 
The  engine  was  started  up  in  parallel  with  the  motor,  and  then 
the  motor  was  cut  out  by  its  clutch  and  the  plant  shut  down,  all 
without  creating  any  disturbance. 

The  Redlands  plant  is  rather  the  most  interesting  of  the  four 
three  phase  plants,  inasmuch  as  it  is  a  mixed  plant  running  large 
synchronous  induction  motors  and  lights  oflF  the  same  generator. 
Kedlands,  Cal.,  is  a  small  city  not  far  from  San  Bernardino  and 
at  the  head  of  the  valley  that  sweeps  down  towards  the  Pacific. 
The  power  station  is  seven  and  one  half  miles  from  the  centre  of 
distribution,  and  nine  and  one  half  miles  from  the  extreme  end 
of  the  circuit.  About  four  and  one  half  miles  from  the  power 
station  is  an  artificial  ice  plant  where  is  installed  a  150  h.  p.  tri- 
phase synchronous  motor.  There  are  two  or  three  small  motors 
and  a  considerable  number  of  lights  running  in  the  city  of  Red- 
lands  itself.  I  started  up  this  plant  the  7th  of  last  September. 
That  is  the  first  triphase  plant  of  any  magnitude  that  we  put  in 
operation  on  this  side  of  the  water.     My  experience  with  it  was 
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very  satiBfactory.     The  power  house  is  in  a  most  inaccessible 
location,  and  getting  the  generators  there  was  no  small  job,  but 
about  a  week  after  they  reached  Redlands  I  had  the  plant  run- 
ning and  turned  on  lights.     The  point  in  which  I  was  particu- 
larly interested  was  the  performance  of  the  motor,  it  being  of 
the  synchronous  type  and  having  a  very  unpleasant  load  to  start 
with.     The  ice  plant  was  one  of  what  are  called  the  pipe  variety^ 
where  the  compressed  ammonia  is  made  to  expand  in  great  tiers 
of  pipes  on  which  the  ice  forms  in  gigantic  icicles  which  grow 
together  into  great  barriers  of  ice  that  are  afterwards  cut  away. 
There  are  about  twenty  miles  of  pipe  in  the  plant,  and  for  three 
weeks,  perhaps,  we  had  amusement  in  starting  up  that  motor, 
pumping  up  pressure  on  the  receivers,  shutting  down,  testing 
pipes,  then  starting  up  and  doing  it  over  again.     So  we  had  a 
fine  opportunity  to  observe  how  the  motor  acted  when  it  started,, 
and  it  started  extremely  well.     On  one  occasion  it  started  alto- 
gether too  well.     It  was  belted  to  two  large  ammonia  compres- 
sors, and  the  very  practical  men  who  were  running  the  ice  plant 
looked  with  something  of  contempt  on  the  small  size  of  the 
motor.     It  did  not  look  nearly  as  big  as  an  engine  ought  to,  and 
I  think  they  had  a  sneaking  suspicion  that  it  would  not  start,  or 
even  if  it  did  start,  it  would  not  do  so  with  any  regularity.    One 
day  I  caught  the  superintendent  of  the  plant  standing  behind 
the  cylinder  of  one  of  the  compressors  shutting  off  the  main 
valve,  while  the  motor  was  running  in  synchronism.     I  told  him 
that  he  had  better  quit,  because  if  he  did  not,  he  might  go  out 
through  the  side  of  the  house  with  the  end  of  the  cylinder  just 
behind  him.      He  quit  temporarily.    But  about  a  week  later, 
when  I  was  in  the  city  of  Hedlands,  they  started  up  and  forgot 
to  open  the  by-pass  valves  which  allowed  the  motor  to  come  up 
smoothly  without  any  excessive  load — purely  through  accident, 
of  course.     The  result  was,  that  the  motor  made  about  ten  turns. 
The  big  driving  wheel,  18  feet  in  diameter,  then  proceeded  to 
get  in  its  work,  pulled  the  pillow-blocks  off  both  compressors, 
snapped  the  castings  which  supported  them  and  linked  them  to 
the  rest  of  the  compressor,  as  you  would  snap  a  pipe  stem,  tore 
the  end  bearings  completely  off,  dropped  the  wheel  into  the  pit, 
and  sprung  the  shaft.    All  that,  was  the  result  of  about  ten  turns 
of  the  motor,  starting  absolutely  from  rest  and  starting  as  an  in- 
duction machine.     After  that  experience  the  proprietors  of  the 
ice  plant  looked  on  the  motor  as  ''heap  big  medicine."    We  had 
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no  trouble  whatever  in  parallel  mnning  in  the  generating  plant. 
The  generators,  250  e.  w.  at  2,500  volts  would  go  into  step  and 
run  together  perfectly  well.  No  artificial  load  was  used  in 
throwing  them  in.  If  the  load  were  on  one,  the  other  was  simply 
brought  up  and  thrown  in  with  it.  It  was  not  often  that  we  had 
occasion  to  run  them  any  length  of  time  in  parallel — only  for  a 
few  hours  and  usually  simply  in  changing  over.  But  there  was 
not  a  particle  of  difficulty.  They  ran  as  smoothly  as  two  railway 
generators  would.  So  that  with  a  machine  which  has  a  compara- 
tively small  armature  reaction  and  a  frequency  of  about  50,  these 
tri  phase  generators  will  run  in  parallel  as  nicely  as  if  they  were 
direct  current. 

We  were  also  somewhat  interested  in  seeing  if  there  would  be 
any  trouble  from  unbalancing  on  the  line.  We  had  heard  a  good 
deal  about  it,  and  the  Eedlands  company  had  been  told  a  great 
deal  about  it  by  kind  friends,  so  that  we  were  much  interested 
in  seeing  the  effect.  The  practical  result  was,  as  it  will  be  in 
every  case  where  even  ordinary  intelligence  is  exercised  in  plan- 
ning the  plant,  that  it  did  balance.  It  is  perfectly  true  that  a 
triphase  interconnected  circuit,  if  very  unequally  loaded  on  the 
three  branches  is  liable  to  get  out  of  balance  somewhat.  It  may, 
if  conditions  are  unfavorable,  get  out  of  balance  quite  a  little. 
If  conditions  are  as  favorable  as  they  can  readily  be  made,  you 
will  never  know  that  there  is  such  a  thing  as  lack  of  balance. 
It  does  not  begin  to  be  as  sensitive  as  a  three-wire  system.  In 
fact  all  the  abuse  heaped  on  the  lack  of  balance  in  the  three 
phase  system  was  poured  on  with  double  vigor  years  ago  when 
the  three  wire  system  started.  All  the  sore-heads  and  old  fogies 
swore  by  all  that  was  holy,  that  the  three  wire  system  would  not 
balance,  and  to-day  a  very  large  proportion  of  all  the  incandes- 
cent central  stations  using  continuous  currents  are  running  three 
wire.  I  buppose  that  we  are  to  go  through  the  same  experience 
with  the  three  phase.  It  is  perfectly  true  that  the  system  will 
be  unbalanced  in  very  unfavorable  conditions,  but  if  ordinary 
sense  is  used  in  arranging  the  plant,  you  will  never  hear  of  any 
trouble  whatever  from  it. 

Another  thing  that  we  were  very  much  interested  in,  was  the 
effect  of  the  big  synchronous  motor  on  the  lamps.  It  did  not 
have  any — which  was  rather  a  surprise.  I  should  certainly  have 
been  prepared  to  find  some  trouble  from  that  big  motor — as  big 
as  the  entire  load  of  lights.    But  except  at  the  moment  of  start- 
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ing  it  gave  no  trouble  whatev^er,  and  inasmuch  as  there  was 
never  any  need  of-  starting  the  motor  when  the  lights  were  on, 
as  we  had  two  generators,  it  practically  worked  with  entire  suc- 
cess. 

I  regard  that  experience  in  Redlands  as  most  satisfactory,  be- 
cause the  machines  were  thoroughly  modern,  the  plant  was  laid 
out  for  a  three  phase  plant  and  was  operated  under  ordinarily 
favorable  conditions.  There  is  one  thing  I  should  mention  with 
respect  to  it,  which  I  regard  as  of  great  importance,  and  that  is 
the  matter  of  goveraing  water  wheels.  That  is  the  bete  noir  of 
every  electrical  engineer.  Waterwheel  governors  mostly  do  not 
govern,  at  least  with  anything  like  accuracy.  When  the  Eed- 
lands  plant  was  first  started,  the  governor  could  not  be  depended 
on  to  hold  the  voltage  constant  within  fifteen  per  cent.,  and  it 
would  hunt  in  the  most  vicious  manner.  Afterwards  a  change 
was  made  in  the  governor.  The  double  cone  friction  arrange- 
ment which  had  been  used  to  work  the  exciter  shaft  which  drove 
the  constant  speed  side  of  a  Pelton  differential  governor,  waa 
thrown  out  after  many  attempts  to  make  it  work,  and  a  small 
Pelton  differential  governor  was  put  in  its  place,  together  with  a 
moderate  sized  fly-wheel.  That  arrangement  is  holding  the  volt- 
age to-day  perfectly  well.  It  is  the  first  waterwheel  governor  I 
have  known  to  be  actually  operating  with  results  entirely  satis- 
factory to  the  electric  company  that  is  running  the  plant.  That, 
after  all,  is  the  crucial  test  of  a  governor,  not  that  it  shall  operate 
well  before  a  committee  of  experts,  or  when  it  is  being  nursed 
by  its  inventor,  but  when  it  is  in  service  twenty-four  hours  a  day, 
and  under  such  circumstances  gives  satisfaction. 

In  concluding  I  can  only  say,  I  am  convinced  that  polyphase 
work  in  one  form  or  another  has  come  to  stay.  It  may  not  be  in 
the  form  of  two  or  three  phase  work  just  as  we  know  it  now ; 
but  the  principle  is  pretty  sure  to  stay  by  us.  I  do  not  have 
many  fears  that  the  polyphase  plants  now  installed  will  be 
scrapped  in  a  few  months  by  reason  of  some  invention  that  will 
entirely  supersede  them.  We  have  threshed  over  pretty  thor- 
oughly the  possibilities  of  the  ordinary  alternating  current,  and 
by  far  the  most  practical  thing  we  have  as  yet,  is  the  polyphase 
in  one  form  or  another.  You  "  pays  your  money  and  you  takes 
your  choice."  In  some  form  it  is  going  to  stay  by  us  long 
enough  to  make  it  worth  while  to  develop  it  a  little. 
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Discussion. 

The  Pbesidbnt  : — Discussion  on  Dr.  Bell's  paper  is  now  in 
order. 

Dr.  Bell  : — I  wish  Mr.  Stanley,  whom  I  see  seated  over  there, 
would  tell  us  a  little  about  his  polyphase  plant.  He  has  the  only 
two  phase  plant  in  the  country. 

The  President  : — We  would  be  pleased  to  hear  from  Mr. 
Stanley,  not  only  on  Dr.  Bell's  invitation  but  on  our  own. 

Mb.  William  Stanley  : — I  have  been  a  very  attentive  listener 
to  the  very  interesting  paper  Dr.  Bell  has  given  us,  and  I  am 
sure  I  can  appreciate  a  great  deal  that  he  has  said.  Those  of  us 
who  have  devoted  a  little  time  to  this  work  and  have,  or  think 
we  have,  got  it  to  the  point  it  has  now  reached,  have  met  some 
obstacles  that  Dr.  Bell  has  not  mentioned.  He  passed  them  by 
very  nicelv,  but  I  know  that  he  has  had  now  and  again  to  stop 
in  his  woric,  and  perhaps  to  reconsider  his  designs  and  so  revamp 
his  old  ideas.  While  I  agree  with  what  the  author  has  to  say 
in  general,  I  also  differ  in  a  great  many  points.  I  would  like 
to  speak  of  one  or  two.  I  do  not  believe  m  a  system  of  power 
distribution  that  has  a  power  factor  of  about  four  or  five-tenths 
under  commercial  conditions.      The    average  load   of   a  large 

f)ower  station  varies  from  30  to  40  per  cent,  of  the  maximum 
oad  of  all  motors.  At  that  load  the  power  factor  as  given  by  Dr. 
Bell,  if  I  correctly  understand  him,  would  be  somewhere  from 
45  to  55  per  cent.  In  other  words  he  would  be  sending  out  of 
his  station  as  much  magnetizing  current  for  his  motors,  as  he  was 
sending  out  for  doing  work,  rfow  I  do  agree  with  the  Doctor 
that  it  it  were  possible  always  to  keep  our  motors  loaded,  we 
could  neglect  the  lagging  currents  in  the  system.  It  is  possible 
— and  Dr.  Bell  has  clearly  shown  us  how— to  regulate  a  multi- 
phase  generator,  but  when  the  current  in  the  generator  lags  45 
degrees,  the  armature  reaction  cannot  be  very  small,  and  although 
the  generator  may  be  regulated— and  it  can  be  as  Dr.  Bell  has 
shown — yet  the  variation  of  potential  on  the  system  outside  of 
the  generator  is  almost  fatal  where  we  desire  to  operate  lights 
and  motors  together.  About  fifteen  or  sixteen  months  ago  we 
started  in  Pittsfield  a  80  h.  p.  two  phase  motor  and  light  plant. 
We  are  operating  a  saw  mill,  and  part  of  a  woolen  mill.  We  have 
a  15  H.  p.  motor  operating  a  printing  press.  We  have  three  or 
four  machine  shops  and  some  other  small  shops,  and  we  are  also 
distributing  lights  from  the  same  circuit,  the  lights  and  motors 
being  sprinkled  about  without  any  regard  to  whether  the  circuits 
are  balanced  or  not.  I  have  had  a  voltmeter  on  my  desk  day 
after  day  and  watched  the  change  of  voltage  as  the  lights  and 
motors  changed,  went  on  and  off  in  the  afternoon,  and  the  aver- 
age maximum  change  that  I  have  been  able  to  discover  on  the 
system  has  been  a  little  over  2  per  cent.  It  is  the  best,  I  am 
sorry  to  say,  the  most  constant  potential  circuit  that  we  have  in 
Pittsfield  to-day. 
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This  constant  potential  is  entirely  due  to  the  fact  that  we  have 
condensers  on  the  motors^  supplying  the  lagging  currents  to  the 
motor  magnets. 

I  am  surprised  to  hear  Dr.  Bell  advocate  synchronous  motors. 
I  thought  we  had  got  by  synchronous  motors  Mr.  Kelly,  my 
associate,  has  developed  a  very  clever  device  for  taking  care  of 
the  lag  of  the  magnetizing  current  on  very  large  motors,  which 
is  this — if  you  take  a  synchronous  motor,  run  it  up  to  synchro- 
nous speed,  either  by  an  induction  motor  or  any  other  means,  and 
then  over-excite  its  field  so  that  the  back  electromotive  force 
from  the  synchronous  motor  will  be  in  excess  of  the  applied 
electromotive  force  to  it,  the  current  in  the  synchronous  motor 
will  lag  in  respect  to  the  motor,  and  lead  in  respect  to  the  line, 
and  by  using  a  small  synchronous  motor  in  this  way,  we  can  re- 
place the  condensers  and  furnish  the  lagging  current  for  large 
induction  machinery.  And  as  it  is  possible  to  build  large  in- 
duction motors  economically  and  to  have  them  start — as  has  been 
shown — with  great  torque,  I  cannot  for  the  life  of  me  see  the 
use  of  synchronous  motors.     I  think  we  have  got  by  them. 

But  there  is  a  point  which  Dr.  Bell  passed  over  which  to  me 
is  verv  important.  He  spoke  of  the  question  of  frequency.  He 
says  that  we  ought  to  use  any  frequency  practically  between  30 
periods  and  70  periods.  Surely  the  Doctor  knows,  and  we  all 
know,  that  the  torque  of  an  induction  motor  is  directly  depen- 
dent on  its  frequency,  and  with  your  permission,  I  will  put  the 
formula  on  the  board. 

W    k  —  -^  '^  ^  ^  (^  ^  ^  —  2  7Z  Til)  p  M^  A? 

^^  //^  +  (2  ;r  71  —  2  ;:  /I,)  D 

Formula. 

N  =  Number  of  pairs  of  poles. 

n   =  Generator  frequency. 

n^  =  Motor  armature  frequency. 

p    =  Resistance  of  armature. 

M  =  Coef .  of  mutual  induction. 

A  =  Primary  current  in  motor  field. 

L  =  Coef.  of  self-induction  in  armature. 

This  fornmla  gives  the  work  done  by  an  induction  motor  ex- 
pressed in  terms  of  the  primary  current.  The  work  varies  directly 
as  2  ;r  times  the  frequency  of  the  motor,  multiplied  into  the 
motor  slip  times  the  resistance  of  the  armature,  times  the  mutual 
induction  squared,  into  the  primary  current  squared,  and  the 
work  of  the  armature  varies  inversely  as  the  impedance  squared. 
This  18  the  regular  formula  for  the  work  that  an  induction  motor 
can  do. 
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Now  if  we  divide  this  equation  by  the  frequency  of  the  motor, 
we  get  this  formula  for  the  torque — 

for  torque  =  ^  ,    .    ,^ yJ- — -—«  . 

Now  this  is  a  very  interesting  equation  to  me,  if  I  understand 
it.  If  you  double  the  frequency  applied  to  a  motor  you  do  not 
change  the  numerator  of  this  formula.  But  how  about  the  de- 
nominator I  Your  impedance  is  less,  because  L  is  one-fourth  (J) 
at  double  frequency,  and  as  a  matter  of  fact  in  all  high  fre- 
quency motors,  the  armature  resistance  should  be  lower  with  the 
same  material  used,  because  the  chords  across  the  armature  ends 
are  shorter,  and  you  have  the  impedance  term  on  the  whole  less; 
you  also  have  the  ratio  of  ^  to  Z  in  the  armature  less,  and  the 
current  in  the  armature  lags  lesg.  So  if  you  double  the  fre- 
quency in  an  induction  motor,  the  lag  of  the  armature  current 
goes  down  very  greatly.  Now  look  at  it  once  more.  If  you  use 
the  same  material  in  two  motors,  one  designed  for  double  the 
frequency  of  the  oth^r,  and  combine  the  material  in  a  number 
of  magnetic  circuits  for  constant  speed,  you  can  then  determine 
the  relative  armature  reaction  ft»r  the  two  frequencies.  Con- 
sidering the  motor  as  a  transformer  for  the  low  frequency  case, 
we  have  the  magnetizing  power  on  the  field  A  times  t  ampere 
turns,  and  on  the  armature  the  back  magnetizing  power  is 
A  T  And  amp.  turns.     Now  if  you  double  the  frequency  of 

T 
the  motor,  you  have  2  A  over— amp.   turns  for  your  primary 

Jj 

amp.  turns,  and  for  the  back  magnetizing  power  on  the  armature 
A  X  ^  amp.  turns.     In  other  words,   the  armature  turns  per 

magnetic  circuit,  are  one-half  for  the  higher  frequency  case ;  con- 
sequently we  do  not  have  in  high  frequency  motors  the  "  blow- 
ing out "  effect  which  is  the  most  serious  obstacle  to  motor  con- 
struction. So  I  do  not  believe  in  low  frequency  motors.  I 
believe  in  motors  of  130  periods,  if  possible.  We  are  operating 
our  plant  at  Pittsfield  at  130  periods.  We  are  running  a  cotton 
mill  at  Ilousatonic  at  60  periods,  and  we  are  using  condensers  to 
take  care  of  our  magnetizing  currents. 

1  greatly  appreciate  the  paper  Dr.  Bell  has  given  us  and  trust 
he  will  continue  as  successfully  as  he  has  shown  that  he  has  pro- 
ceeded thus  far. 

Mr.  Charles  P.  Stkinmetz  : —Having  had  some  experience 
myself  with  polyphase  motors,  I  may  add  a  few  short  remarks : 

First,  with  regard  to  this  whole  system  of  rotary  field  motors, 
quite  generally  the  opinion  is  expressed  that  this  way  of  produ- 
cing motion  by  a  rotarv  magnetic  field  is  a  very  new  thing.  But 
if  you  will  look  back  into  the  records  of  science  to  some  years 
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before  the  oldest  of  us  here  were  born — three-guarters  of  a  cen- 
tury back— you  will  find  a  complete  mathemjatical  investigation 
and  correct  explanation,  by  Arago,  of  the  experimental,  fact,  old 
already  at  that  early  time,  that  a  disk  or  a  short-circuited  con- 
ductor is  set  in  rotation  in  a  revolving  magnetic  field.  You  will 
find  there  the  mathematical  proof  and  everything.  These  were 
the  earliest  rotary  field  motors. 

About  fifteen  years  ago  a  further  step  in  advance  was  made. 
You  find  mathematical  and  experimental  proof  of  how  a  revolv- 
ing magnetic  field  can  be  produced  by  stationary  electromagnets. 
That  was  in  1879.  So  lar  with  regard  to  the  history  of  the 
polyphase  motor 

ft  may  be  of  interest,  perhaps,  to  the  members,  since  the 
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Pig.  1.— 100  h.  p.  Three  Phase  Induction  Motor,  88  Cycles. 

lecturer  has  so  ably  told  us  about  the  behavior  of  polyphase 
motors  in  general,  to  get  some  data  of  a  100  h.  p.  three  phase 
motor,  which  I  designed  some  time  ago,  and  of  which  quite  a 
number  have  been  built  and  are  now  in  successful  operation.  I 
have  here  plotted  a  curve  giving  the  torque  of  the  motor  at  vary- 
ing speeds.  As  abscissae  are  given  the  torque  in  lbs.  at  one  foot 
radius— 1,000  lbs.  corresponds  very  nearly  to  100  h.  p.  As 
ordinates  are  plotted  the  speeds  in  per  cent,  of  the  synchronous 
speed.     (See  Fig.  1.) 

You  see  that  when  the  motor  is  running  light,  the  speed  is 
practically  synchronous.  With  increasing  load,  that  is,  mcreas- 
mg  torque,  the  speed  drops,  though  very  slowly,  by  only  3  per 
cent,  at  full  load,  or  1,000  lbs.  torque.  With  still  increasmg 
torque,  the  speed  drops  faster  and  faster  until  a  point  is  reached, 
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at  1,800  lbs.,  where  the  torque  curve  bends  around,  that  is,  the 
torque  as  a  function  of  the  speed  reaches  the  maximum,  and  if 
the  speed  decreases  still  farther,  the  torque  decreases  again  more 
and  more,  the  motor  losing  its  torque,  until  at  last  only  440  lbs. 
torque  are  left  at  standstill. 

xhis  is  the  running  condition :  very  constant  speed  at  all  loads 
up  to  the  maximum  load,  which  can  be  carried  by  the  motor, 
and  lesser  starting  torque. 

Now,  as  Dr.  Bell  has  told  us,  we  can  put  resistance  into  the 
armature  to  increase  the  torque  at  low  speed.  Then  we  get  a 
diflferent  torque  curve.  The  speed  decreases  faster  with  increas- 
inff  torque  and  has  dropped  of  already  by  24  per  cent,  at  the 
full  load  torque  of  1,000  lbs  ;  but  the  torque  constantly  increas- 
ing with  decreasing  speed  reaches  the  maximum  of  1,800  lbs. 
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Fiu.  2.— 15  H.  p.  Three  Phase  Induction  Motor,  125  Cycles. 

about  at  rest,  that  is,  the  torque  curve  ii  intersects  the  zero  lines 
at  about  1,800  lbs. 

These  are  the  two  extreme  cases :  in  one  case  the  armature  re- 
sistance is  as  small  as  possible,  very  steady  speed,  3  per  cent, 
drop  at  full  load,  and  even  at  80  per  cent,  overload  only  9  per 
cent,  drop  of  speed,  but  only  small  starting  torque. 

The  other  extreme  case  is :  very  large  starting  torque,  but 
greater  drop  in  speed. 

In  the  first  case  the  motor  will  keep  verjr  constant  speed  up 
to  the  maximum  point,  at  which  it  can  give  1,800  lbs.,  and 
loaded  still  further,  it  will  come  to  rest ;  in  the  latter  case,  with 
increasing  load,  the  motor  speed  will  steadily  decrease  until  the 
motor  comes  gradually  to  rest  at  its  maximum  torque.  Obviously 
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any  intermediate  condition  between  these  two  curves,  tlie  curve 
of  maximum  starting  torque  and  the  curve  of  constant  speed, 
can  be  reached  by  putting  a  lesser  amount  of  resistance  in  the 
armature;  and  in  reality  in  the  100  h.  p.  motor  which  I  am 
speaking  of  here,  an  intermediate  step  is  provided  giving  the 
torque  curve  in. 

Bat  one  statement  I  want  to  emphasize  here :  while  the  speed 
corresponding  to  a  given  torque  can  be  varied  by  suitable  re- 
sistance in  the  armature  circuit  to  anything  between  curve  i 
and  standstill,  no  matter  what  the  speed  is,  the  same  torque 
always  corresponds  to  the  same  current,  that  is,  the  current  de- 
pends upon  the  torque  only,  and  not  upon  the  speed  of  the  motor, 
and  the  speed  of  the  motor  is  independent  of  the  torque  or  of 
the  current,  and  merely  depends  upon  the  resistance  in  the  arma- 
ture circuit,  while  the  torque  of  the  motor  is  independent  of  the 
armature  resistance. 

This  indeed  is  the  case  only  in  a  properly  designed  motor. 
Obviously  there  is  no  difficulty  in  designing,  or  rather  mis-de- 
signing, a  motor  which  does  not  fulfill  these  conditions.  But  1 
only  refer  to  motors  which  are  properly  designed. 

Then,  at  full  speed  or  at  a  standstill,  the  torque  is  a  function  of 
the  current  only;  that  is,  the  current  is  the  same  for  the  same 
torque,  although  the  speed  may  be  different,  and  can  be  any- 
thing from  this  maximum  curve  i  to  zero.  I  may  add  here  that 
these  curves  were  calculated  theoretically  originally,  but  after 
the  motor  was  built  and  tested  I  had  no  reason  to  change  the 
curve,  because  the  observed  values  fell  into  this  line  i,  etc.  The 
drop  was  exactly  3  per  cent,  and  it  gave  this  torque.  I  may  add 
here  in  fairness,  that  in  reality  the  pre-deterraination  of  a  poly- 
phase induction  motor  characteristic  can  be  done  with  far  greater 
exactness  than  that  of  any  continuous  current  machinery — the 
behavior  under  any  conditions  of  load,  speed  and  anything  else. 

The  motor  whose  speed  characteristic  is  given  here  in  Fig.  1 
is  a  100  H.  p.  motor  running  at  33  cycles.  The  frequency,  how- 
BTer,  has  no  influence  whatever  upon  the  behavior  of  the  motor, 
upon  its  output,  torque,  etc.  That  is,  obviously,  one  and  the 
same  motor  when  run  at  a  frequency  for  which  it  is  not  designed, 
will,  in  general,  work  poorly,  but  what  I  mean  is,  that  a  motor 
can  be  designed  for  any  frequency  whatever,  within  reasonable 
limits,  to  give  the  same  characteristics,  that  is,  work  at  the  same 
variation  of  speed,  torque,  current,  etc.,  for  125  cycles  as  well  as 
33  cycles,  as  you  can  see  by  comparing  the  diagram  in  Fig.  1 
with  Fig.  2,  which  gives  the  speed  characteristic  of  a  15  h.  p. 
motor,  which  I  built  for  I  "26  cycles,  that  is,  nearly  four  times  the 
frequency  of  the  motor  given  in  Fig.  1. 

Hence,  a  motor  designed  for  a  frequency  of  125  cycles  be- 
haves at  this  frequency  exactly  as  a  motor  designed  for  38  cycles 
behaves  at  33  cycles,  supposing  always,  you  know,  that  the  motor 
is  properly  designed. 
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Obviously,  if  you  try  to  run  a  high  frequency  motor  at  low 
frequency,  it  will  not  give  any  decent  result,  and  if  you  try  to 
run  a  low  frequency  motor  at  high  frequency,  it  will  probably 
fly  to  pieces. 

But  as  long  as  you  maintain  the  same  correct  magnetic  and 
electrical  design,  you  can  get  the  same  good  features  at  any  fre- 
quency. 

Indeed  one  restriction  has  to  be  made  here :  if  you  go  very 
high  in  the  frequency,  you  have  either  to  choose  a  very  high 
speed,  which  is  mechanically  objectionable,  or  you  cannot  main- 
tain the  Fame  magnetic  disposition. 

Take  for  instance,  a  10  h.  p.  motor.  Kow  you  do  not  want  to 
imitate  the  steam  turbine,  but  want  to  run  at  a  decently  low 
speed,  say  900  revolutions.  This  will  at  60  cycles  per  second 
give  an  eight,  polar  motor  of  very  good  magnetic  design.  But 
at  125  cycles,  you  have  a  16  polar  motor  for  10  h.  p.  This  and 
the  excessive  drop  of  potential  in  longer  feeders,  due  to  their 
self-induction,  and  probably  also  the  high  speed  required  in  the 
generators,  are  the  foremost  reasons  which  make  a  reduction  of 
the  frequency  desirable. 

In  balancing  all  the  advantages  and  disadvantages  carefully,  I 
found  that  60  cycles  per  second  will  be  about  the  all  around  best 
frequency  for  standard  alternate  current  work. 

W  ith  regard  to  static  transformers  and  the  frequency  effect,  I 
have  investigated  and  published  a  few  things  on  this  question 
before,*  and  liave  shown  that  for  a  given  size  of  transformer  the 
output  is  in  inverse  proportion  to  the  three-eighths  power  of  the 
frequency,  if  the  transformer  is  worked  at  its  maximum  output 
as  aetermined  by  the  heating  of  the  transformer,  that  is,  if  the 
loss  of  energy  in  the  transformer,  which,  as  known,  is  the  limit- 
ing factor  of  the  output  in  a  properly  designed  transformer,  is 
kept  the  same.  But  then  the  efficiency  for  lower  frequencies 
gets  lower,  and  the  magnetizing  current  larger,  and  if  you  take 
this  into  account,  you  will  get  as  an  approximation,  that  the  out- 
put of  a  given  transformer  is  about  proportional  to  the  square 
root  of  the  frequency. 

But  this  rule  only  holds  goods  under  the  supposition  that  by 
reducing  the  frequency  you  can  run  the  magnetization  higher. 
Hence  it  holds  only  down  to  that  frequency  where  the  iron  of 
the  transformer  approaches  such  a  high  saturation,  that  you  can 
not  decently  run  the  magnetization  hieher  without  getting  a 
distortion  of  the  wave  of  the  electromotive  force  and  an  exces- 
sive magnetizing  current. 

The  progress  aiade  in  the  selection  of  the  iron  for  transformer 
work,  due  to  chemical  analysis  and  careful  testing  of  the  iron 
for  permeability  and  hysteresis,  have  made  it  possible  to  secure 
iron  whose  saturation  curve  makes  a  very  sharp  bend  between 

1.  Electrical  Engineer,  1898.  Electrical  World,  1893. 
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14,000  and  16,000,  so  that  you  can  run  up  to  as  higli  a  density  as 
12,000  without  fear  of  distortion  or  excessive  magnetizing  cur- 
rent. 

This  point  of  saturation  of  12,000  is,  as  practical  experience 
has  shown,  reached  at  30  to  33  cycles,  in  larger  units  of  trans- 
formers. Hence  if  you  go  still  lower  than  that  in  the  frequency, 
the  output  of  the  transformer  decreases  directly  proportional  to 
the  decrease  of  the  cycles,  and  the  eflSciency  decreases  in  the  same 
proportion.  That  is,  the  transformer  becomes  very  rapidly 
bulkier  and  it  becomes  impossible  to  build  transformers  of  de- 
cent efficiency  at  any  other  but  very  large  units.  Probably  in 
the  future  with  the  improvement  in  the  production  of  good  iron 
etc  ,  this  limit  may  go  higher.  Perhaps  four  years  ago  the  limit 
was  at  lower  frequency,  because  it  was  not  possible  then  to 
secure  the  iron  that  we  get  now.  As  an  instance,  1  may  men- 
tion that  while  two  years  ago  Ewing's  value  of  the  coefficient  of 
hysteresis  5f  =  .002  was  unrivaled,  and  the  best  Norway  iron  I 
could  secure  gave  only  tj  =  .(>023,  now  the  standard  transformer 
iron  runs  from  r^  =  .0020  up  to  j;  =  .0025,  and  is  rejectc  d  if  ^ 
is  found  to  exceed  .0025,  while  some  time  ago  I  accidentally  even 
got  a  sample  of  iron  whose  hysteretic  coefficient  was  as  low  as 
7j  =  .00124,  3S  per  cent,  lower  than  Ewing's  value.  I  did  not 
believe  this  value  at  first,  and  had  the  test  repeated  three  times, 
but  with  the  same  result.     I  have  never  got  such  iron  again. 

With  regard  to  another  point  that  came  up  in  the  discussion, 
the  behavior  of  incandescent  lamps  at  various  frequencies,  I  had 
occasion  to  make  a  set  of  tests  some  two  years  ago.  1  had  an 
incandescent  lamp  fed  by  an  alternator  driven  by  a  continuous 
current  motor,  whose  field  strength  I  varied  to  vary  the  fre- 
quency of  the  alternator,  and  varied  its  excitations  to  keep  the 
potential  the  same,  and  I  found  that  at  1 5  cycles  and  up  to  20 
cycles  the  flickering  was  so  abominable  that  "you  could  not  look 
at  the  lamp  without  making  your  eyes  ache.  The  brighter  the 
lamp  bums,  the  higher  is  the  frequency  where  you  notice  the 
flickering.  If  you  burn  the  lamp  dull,  at  half  intensity  or  so, 
then  the  flickenng  is  still  unnoticeable  at  25  cycles,  but  becomes 
noticeable  just  below  this.  But  if  you  run  the  brightness  of  the 
light  up  to  or  beyond  the  normal  o.  p.,  then  you  notice  the 
flickering  plainly  at  25  cycles,  and  it  disappears  only  just  below 
30  cycles.  I  did  not  make  any  tests  with  arc  lamps,  but  since 
the  temperature  of  the  arc  is  considerably  higher  still  than  that  of 
the  incandescent  lamp  filament,  probably  the  flickering  is  notice- 
able at  still  higher  frequencies.  Obviously  the  frequencies  where 
flickering  becomes  noticeable,  depend  probably  somewhat  upon 
the  personal  equation  of  the  observer. 

Mb.  O.  T.  Crosby  : — As  there  is  considerable  personal  equa- 
tion in  the  matter  of  flickering  I  should  like  to  learn  if  others 
were  present  and  agreed  with  the  speaker  in  his  estimate  as  to 
the  flickering  ? 
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Mb.  Steinmetz: — I  think  the  sensations  of  the  gentlemen 
present  at  these  tests  agreed  with  me  pretty  well  in  that.  Mr. 
Eickemeyer  was  there,  and  I  believe  Professor  Forbes  was  there 
also,  and  some  other  men. 

With  regard  to  the  parallel  running  of  alternators,  that  is 
quite  an  interesting  point,  because  that  has  been  brought  up 
quite  frequently  as  a  disadvantage  of  the  alternating  system  that 
alternators  cannot  run  well  in  parallel. 

To  settle  this  question  1  carried  out  a  lengthy  investigation, 
covering  frequencies  from  25  cycles  up  to  125  cycles,  and  alter- 
nators and  three-phasers  of  very  low  armature  self-induction,  as 
smooth  core  machines  with  very  few  turns  on  the  armature,  and 
iron-clad  armatures  of  high  self-induction,  and  found  in  no  case 
any  diiBculty  in  parallel  running,  even  under  very  extreme  con- 
ditions, with  properly  designed  alternators. 

Frequency  and  self-induction  have  directly  nothing  whatever 
to  do  with  the  ability  of  the  alternators  to  run  in  parallel,  and  I 
found  that  it  was  a  verv  difficult  matter  indeed,  if  two  alter- 
nators are  running  once  m  parallel,  to  make  them  drop  out  of 
synchronism. 

Even  equality  of  potential  is  by  no  means  necessary  in  the 
machines  which  shall  be  synchronized,  although  desirable  for 
equal  distribution  of  load. 

It  is  known  that  Mordey  has  succeeded  in  running  a  2,000 
volt  and  a  1,000  volt  alternator  in  parallel. 

I  went  even  a  step  further  and  took  two  1,000-volt  alternators, 
high  frequency  machines  (since  many  people  still  share  the 
superstition  that  high  frequency  machines  do  not  run  as  well  in 
parallel),  excited  one  machine  up  to  2,000  volts  and  left  the  other 
machine  unexcited,  at  zero  volts,  and  then  closed  the  synchroniz- 
ing switch,  thereby  throwing  a  2,000  and  a  zero  volt  alternator 
into  parallelism.  Both  macnines  dropped  into  step  directly  and 
ran  in  synchronism  at  a  potential  of  1,075  volts  at  the  bus  bars.' 

In  the  notion  that  for  successful  parallel  running  self-induction 


1.  It  may  be  of  interest  here  to  give  the  results  of  a  set  of  tests  I  made  on 
the  parallel  running  of  iron-clad  high-frequency  alternators  at  very  different 
voltages. 

Two  60  K.  w.  1,000-volt  alternators,  iron-clad  high-frequency  machines  of 
the  General  Electric  Company's  make  running  at  their  normal  speed  of  125 
cycles  per  second,  were  thrown  in  parallel  at  different  excitations. 

Columns  1  and  2  give  the  electromotive  force  at  the  terminals  of  the  two 
machines  before  synchronizing. 

Column  8  gives  the  difference  between  one  and  two,  that  is,  the  difference 
of  electromotive  force  between  the  two  machines  in  the  moment  of  throwing 
them  in  parallel. 

Column  4  gives  the  voltage  at  the  common  terminals  of  the  machines  after 
synchronizing. 

Column  6,  the  cross  current  flowing  between  the  machines. 

The  machines  fell  into  step  and  kept  in  synchronism  without  any  difficulty 
even  under  these  extreme  conditions,  except  that  in  the  case  where  the  one 
machine  was  entirely  unexcited,  a  certain  fluctuation  was  noticeable  in  the  re- 
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is  necessary,  there  is  something  true  and  something  not  true. 
The  maximum  synchronizing  power  will  be  exerted  between  the 
two  alternators,  if  in  the  cross  circuit  formed  by  the  armatures 
of  the  alternators,  the  resistance  equals  the  ohmic  inductance 
(not  as  it  is  frequently  stated  erroneously,  if  in  the  external  cir- 
cuit this  condition  is  fulfilled),  but  it  is  out  of  the  question  to 
use  that,  because  if  the  inductance  is  so  low  as  that,  and  you 
throw  them  together  and  they  are  not  at  absolutely  the  same 
phase,  the  synchronizing  power  will  be  so  great,  that  they  will 
probably  be  torn  to  pieces.  But  fortunately  there  exists  no 
alternator  that  fulfills  this  condition,  since  in  good  alternators 
the  armature  inductauce  is  far  in  excess  of  the  resistance.  The 
larger  the  inductance,  the  weaker  the  synchronizing  tendency, 
that  is,  the  less  you  need  to  be  careful  to  get  the  same  phase  and 
voltage  in  throwing  them  together.  But  you  cannot  in  any  way 
with  any  decent  machine  get  such  a  large  self-induction  that  they 
will  not  run  in  synchronism. 

With  regard  to  the  unbalancing  of  the  three  phase  circuits  I 
may  refer  to  the  paper  I  read  before  the  Chicago  Congress  where 
I  gave  a  mathematical  investigation  of  this  question,  showing 
that  according  to  the  conditions  of  the  circuit,  the  resistance  and 
inductance,  you  can  get  it  to  zero  or  as  high  as  you  want  or  not 
want.  The  avoidance  of  the  unbalancing  of  a  three  phase  sys- 
tem depends  entirely  upon  its  proper  design. 

With  regard  to  the  synchronous  motor,  I  have  very  fully  in- 


sultant  voltage,   which    periodicaHy   varied    by 
approach  to  the  limits  of  synchroiiizing  power. 


±   70  volts,    showing  (he 


SyNCHRONOUS  RUNNING  OF  TWO  HIGH  FREQUENXY  IRON-CLAD 

ALTERNATORS,  GENERAL  ELECTRIC  CO.  STANDARD. 

6o  K.  W.  125  CYCLES. 


i 

^1 

^|| 
PI 

M.   p    at  the  Common 
Terminals  of   Both  .Ma- 
chines A  f ter  Synchroniz- 
ing. 

§1 

„s:| 

xcess  of  Nf  omentary  Cur- 
rent  at    the    instant    of 
Synchronizing  over   the 
Cross-Currrnt. 

H 

H 

Q 

M 

- 

U 

Volts. 

Volts. 

Volts. 

Volis. 

Amperes. 

Amperes. 

i,ooo 

1,000 

996 

4.0 

2.0 

i,ioo 

n 

aoo 

1.000 

6.5 

•S 

I,200 

400 

1,000 

Ml 

30 

i,3«> 

700 

600 

l,OfX> 

4.0 

1,400 

600 

800 

1,026 

To 

6.0 

1,500 

500 

1,000 

1,010 

6.0 

x,6oo    • 

..00 

Z,300 

1,040 

39-0 

3.0 

V^ 

300 
900 

z,6oo 

XfOOO 

44.0 
50.0 

\% 

1,900 

xoo 

x,8oo 

1,066 

56.5 

55 

a,ooo 

3,000 

X.075  ±  70 

6a.o 

lO.O 

Full  load  curfent  a  52,0  amperes. 


42  BELL  ON  POLYPHASE  APPARATUS.  [Jan.  17, 

vestigated  that  also.  Since  I  have  bnilt  quite  a  number  of  indue* 
tion  motors  and  they  are  running  successfully,  nobody  can  say 
that  I  am  prejudiced  against  the  induction  motor.  But  I  believe 
and  am  fully  convinced  that  wherever  a  synchronous  motor  can 
be  used,  it  is  a  serious  fault  of  engineering  to  use  an  induction 
motor,  because  the  synchronous  motor  is  so  far  superior  to  the 
induction  motor,  even  with  condensers,  in  the  reaction  upon  the 
line  and  in  the  efficiency  and  the  absolute  constancy  oi  speed, 
that  wherever  the  disadvantage  of  a  lower  starting  torque  is  not 
of  very  serious  consideration,  especially  for  larger  units,  the  only 
proper  motor  to  be  used  is  the  synchronous  motor,  and  only 
where  a  very  large  starting  torque  is  required  and,  therefore,  the 
synchronous  motor  cannot  be  used,  or  for  smaller  motors,  where 
simplicity  of  construction  and  of  handling  is  of  foremost  con- 
sideration, the  use  of  induction  motors  is  advisable. 

The  condenser  effect  of  the  synchronous  motor  that  Mr.  Stan- 
ley spoke  of  is  nothing  new  to  me,  nor  probably  to  the  members 
oi  the  iNSTiTUTE,  because  if  you  look  back  in  the  Transactions 
to  the  discussion  of  Mr.  Kennelly's  paper  on  impedance  at  the 
April  meeting  of  last  year,  you  will  find  the  statement  made  by 
me  in  the  discussion  "That  a  synchronous  motor  at  certain  con- 
ditions of  excitation  acts  like  a  condenser  of  very  large  capacity.'* 
That  is  all  I  think  I  can  say  at  present. 

Dr.  Bell:— Simply  referring  to  something  Mr.  Stanley  said; 
being  in  the  back  part  of  the  room  and  being  a  little  hoarse  myself, 
I  think  he  misunderstood  the  values  which  I  gave  for  the  power 
factor  at  light  loads.  I  picked  out  a  commercial  case  to  illus- 
trate  it.  Supposing  that,  as  Mr.  Stanley  stated,  the  load  is  some- 
where between  thirty  and  forty  per  cent,  of  the  rated  load  of 
the  motor ;  takings  the  three  sizes  of  induction  motors  from 
which  I  gave  the  figures  the  average  power  factor  at  one-third 
load  is  just  about  72  per  cent.,  so  that  the  case  is  by  no  means  as 
bad  as  it  might  be  supposed  at  first.  The  induction  motors  at 
very  light  loads  have  a  bad  power  factor,  even  the  best  of  them, 
when  it  comes  down  to  extremely  light  load,  one  tenth,  one- 
eighth,  or  something  of  that  kind.  Anywhere  over  quarter 
load  they  are  really  quite  good  as  to  power  factor. 

I  should  say  that  1  fully  agree  with  Mr.  Steinmetz  that  the 
synchronous  motor  is  the  advantageous  thing  to  use  when  it  can 
be  used.  As  a  matter  of  fact  trie  synchronous  motors  do  not 
work  so  nicely  in  the  small  sizes  as  the  big  ones.  1  should  say 
that  for  motors  of  100  h.  p.  or  above,  it  would  in  nearly  every 
case  be  practical  to  use  a  synchronous  motor,  unless  we  come  to 
railway  work  or  something  of  that  kind.  Then  we  may  have  to 
use  the  induction  motor  in  order  to  get  the  big  tor/jue  necessary. 
Most  of  the  smaller  work  I  believe  will  have  to  be  done  by 
the  induction  motors,  and  most  of  the  larger  work  by  the 
synchronous. 

In  respect  to  the  question  of  frequency,  it  was  perhaps  suffici- 
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ently  discussed  by  Mr.  Steinmetz.  It  simply  falls  in  with  my 
own  experience,  except  that  I  rather  confined  it  to  the  limits 
within  which  most  of  the  transmission  work  will  have  to  be 
done.  That  is,  a  little  above  that  which  enables  yon  to  run  in- 
candescent lamps,  and  below  that  it  gets  you  into  serious  diffi- 
culty with  induction. 

Mb.  Staklby: — I  think  perhaps  we  are  talking  on  a  little 
different  point  with  regard  to  frequency.  My  point  was  that 
with  the  same  material  in  two  motors  designed  for  two  fre- 
quencies the  lag  of  current  in  the  armature  at  low  frequency 
must  be  greater  than  at  high  frequency.  The  power  factor 
actually  measured  at  the  Pittstield  station — the  motor  plant  at 
the  Pittsfield  station,  is  94  to  96  per  cent.,  by  actual  tests,  with 
the  condensers  in. 

Mr.  C.  O.  Mailloux  : — As  we  have  here  this  evening  many 
authorities  on  the  subject  of  alternating  currents,  I  think  it 
would  be  well  to  have  tlie  facts  brought  out  regarding  the  limit 
of  voltage  at  present  imposed  where  it  is  necessary  to  use  cables. 
I  quite  understand  that  it  may  be  possible  to  use  very  high 
voltages  where  the  wires  run  overhead.  But  there  are  many 
cases  involving  or  suggesting  the  use  of  alternating  currents 
where  it  is,  nevertheless,  necessary  to  use  cables.  Now  the  ex- 
perience abroad  has  shown  that  they  were  not  able  to  use  suc- 
cessfully the  extreme  voltage  which  had  been  contemplated ; 
furthermore  the  question  must  be  influenced,  as  was  very  clearly 
set  forth  by  Dr.  Bell,  by  the  cost  of  the  extra  insulation  and  pre- 
cautions required  for  the  rise  in  voltage.  It  all  really  comes 
back  to  the  question  of  cost.  It  would  be  interesting  to  know 
what  the  extra  cost  is  of  the  extra  precautions,  as  the  voltage  is 
increased,  and  especially  to  know  what  at  present  is  the  commer- 
cial limit,  so  to  speak  of  alternating  currents  used  in  under- 
ground cables,  for  two  phase  and  three  phase.  I  apprehend  that 
for  three  phase  the  cost  would  be  a  little  higher  for  the  cable, 
because  the  mechanical  difficulties  of  placing  three  conductors  in 
one  cable,  if  used  concentrically,  which  I  imagine  would  be  best 
on  account  of  its  better  elimination  of  the  impedance ;  and  if 
there  is  any  experience  which  has  been  had  in  this  country  at 
present,  I  think  it  would  be  very  interesting  to  the  fraternity  to 
have  the  result  of  it.  I  have  been  given  to  understand,  from 
having  casually  had  occasion  to  look  into  the  subject  in  connec- 
tion with  a  practical  case,  that  about  2,000  vt»lts  was  as  far  as  it 
was  expedient  to  go  at  present  in  using  underground  cables. 

The  President:  — I  will  call  on  Mr.  Frederick  Darlington  to 
make  some  remarks  on  this  subject. 

Mr.  Frederick  Darlington  : — If  I  understand  the  gentle- 
man's question,  what  he  asks  is  the  limitation  of  the  conditions 
that  you  get  when  you  go  underground  to  the  use  of  high  volt- 
ages and  high  frequencies  also. 

Mr.  Mailloux: — Yes,  frequencies  also. 
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Me.  Daklinoton  : — Dr.  Bell  touched  on  that  question  when 
he  said  in  his  paper  that  the  eflEects  most  likely  to  trouble  you 
were  the  resonance  of  the  circuits  and  the  capacity  of  the  cir- 
cuits. I  cannot  give  you  any  information  based  on  practical  ex- 
perience as  far  as  very  high  voltages  are  concerned.  I  can  say 
in  reference  to  the  cost  of  insulation  that  it  is  usually  customary 
for  various  reasons,  under  practical  conditions,  in  putting  down 
a  cable  for  say  1,000  volts,  to  have  margin  of  safety  enough  to 
run  two,  three,  four  or  tive  thousand  volts  on  the  cable.  One 
important  reason  for  this  (especially  where  you  have  aerial  con- 
nection) is  that  if  there  is  any  possibility  of  lightning  discharges 
on  your  line  and  you  are  working  either  1,000  volts  or  5,000 
volts  you  want  to  have  sufficient  insulation  on  the  line  to  enable 
static  discharges  to  be  taken  oflf  safely.  Except  on  very  long 
lines  you  wilinot  find  the  charge  or  discharge  currents  of  cables 
enough  to  injuriously  aifect  the  working  of  the  system  at  3,000 
volts  or  less  at  the  ordinary  frequencies — anything  less  than  130 
cycles.  The  matter  of  resonance  I  do  not  think  will  cut  any 
figure  at  all  at  3,000  volts  or  5,000  volts,  unless  it  may  be,  pos- 
sibly, on  some  very  irregularly  shaped  current  wave.  The  capacity 
of  ordinary  electric  light  and  power  cables  varying  in  sizes  from 
No.  3  and  No.  4  B.  &  S.  up  to  No.  0000  B.  &  S!  is  about  one- 
third  to  one-half  a  microfarad  per  mile  of  conductor.  When 
you  are  working  a  circuit  you  usually  have  two  insulated  con- 
ductors ;  and  this  capacity  given  is  the  total  capacity  measured 
to  earth  for  both  conductors.  Suppose  you  have  four-tenths  of  a 
microfarad  per  mile  as  the  capacity  of  your  cable.  The  capacity 
of  eich  side  of  the  circuit  will  be  half  the  total  capacity,  as  each 
side  of  the  circuit  contains  but  half  the  cable,  and  since  you  have 
two  dielectrics  in  series,  making  two  condensers  each  having  half 
the  capacity  of  the  whole  cable,  the  capacity  between  the  con- 
ductors will  be  one-quarter  of  the  total  capacity  of  the  cable  in 
the  circuit.  If  you  have  a  little  over  two  miles  of  circuit  you 
have  a  little  over  four  miles  of  conductor  and  that  would  give  a 
capacity  measured  to  earth  of  about  two  microfarads.  Measured 
to  earth  for  one  conductor  it  would  give  a  capacity  of  about  one 
microfarad  and  give  the  capacity  between  conductors  in  actual 
working  of  one-half  microfarad.  That  would  make  one- 
half  microfarad  capacity  being  charged  and  discharged  all  the 
time,  and  that  gives  for  1,000  volts  on  135  cycles  about  one- 
half  ampere  charge  and  discharge  current.  It  is  evident  that 
in  the  assumed  case  the  static  capacity  does  not  make  the  false 
current  in  that  circuit  very  great.  If  you  are  working  on  a  cir- 
cuit with  more  or  less  retardation,  the  capacity  may  come  in  as  an 
actual  advantage  by  very  nearly  neutralizing  the  retardation. 
To  sum  up  the  commercial  feature  of  it,  1  find  that  up  to 
6,000  volts,  using  such  cables  as  are  readily  obtainable  in  the 
market,  you  can  buy  any  one  of  half-a-dozen  good  makes  of 
cable  that  are  safe  for  5,000  volts.     I  do  not  find  it  economical 
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OD  l,000yolt  circuits  to  use  a  thin  insulation  gach  as  would  b& 
unsafe  for  3,000  or  5.000  volts 

Mb.  Stkinmetz  : — First  I  want  to  say  one  or  two  words  on  this 
power  factor.  If  jou  use  the  same  magnetic  disposition  you 
get  the  game  powef  factor  and  same  torque,  current  and  every- 
thing, whether  you  have  a  high  or  low  frequency,  i  roper  design 
supposed  indeed.  But  by  going  down  to  lower  frequency 
you  are  enabled  to  use  a  more  favorable  design.  Consequently 
you  can  reduce  the  lag,  increase  the  power  factor  and  get  a  better 
eflSciency  and  better  output  per  lbs.  of  weight;  hence  a  low  fre- 
quency is  preferable — within  certain  limits  indeed ;  obviously 
nothing  is  gained,  but  much  lost  at  least  in  weight  efficiency,, 
and  in  flexibility,  if  you  go  down  too  far,  for  instance,  below  30 
cycles. 

With  regard  to  the  cable,  it  is  indeed  true  that  in  circuits 
with  lagging  current  the  capacity  of  the  cable  will,  by  taking  a 
leading  current,  counteract  and  supply  the  lagging  current  in 
the  circuit,  so  that  occasionally  more  current  comes  out  of  the 
cable  than  is  sent  in. 

A  simple  analytical  solution  of  the  problem  of  a  circuit  con- 
taining distributed  capacity,  self-induction,  resistance  and  leak- 
age, I  nave  given  in  my  paper  read  before  the  Chicago  Congress,, 
with  curves  showing  tne  periodical  increase  and  decrease  oi  cur- 
rent and  of  electromotive  force  along  the  line. 

But  I  would  rather  prefer  to  keep  the  la^  and  not  introduce 
this  very  dangerous  compensation,  because  this  capacity  is  not 
only  in  shunt  to  the  self-induction  of  the  receiving  circuit,  but  it 
is  m  series  to  the  self  induction  between  the  capacity  and  the 
generator,  and  in  the  generator,  and  in  this  case,  if  capacity  and 
self-induction  are  in  series,  as  soon  as  they  balance  each  other 
they  annul  each  other  and  yon  get  a  current  as  large  as  corre- 
sponds to  the  resistance  only.  Say  you  have  a  generator  and  a 
line  which  normally  consumes  2  per  cent,  of  the  voltage.  Then 
at  open  circuit,  if  the  capacity  of  the  line  is  just  balanced  by  the 
self-induction,  the  curn'nt  will  increase  to  the  value  which  it 
would  have  by  short-circuiting  the  generator  by  the  line  with  no 
self-induction,  that  is,  to  fifty  times  the  normal  value,  and  across 
the  self-induction  and  across  the  capacity,  that  is,  from  line  to 
line,  you  get  the  voltage  corresponding  to  this  abnormal  current, 
that  is,  fifty  times  the  normal  voltage.  That  means  resonance, 
and  that  means  destruction. 

Usually  you  do  not  get  resonance  with  the  normal  wave  of  cur- 
rent, but  may  quite  likely  get  resonance  with  one  of  its  higher 
harmonics,  which  is  of  lesser  amplitude  and,  therefore,  causes  a 
lesser  rise,  but  in  high  potential  circuits,  it  may  probably  be  high 
enough  to  destroy. 

Mr.  Daklinoton  : — In  speaking  of  the  results  from  capacity 
and  resonance  effects,  I  spoke  more  from  experience  than  from 
theory,  and  th-^  conditions  under  which  I  have  had  experience- 
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in  opei*ating  circuits  underground  have  been  very  varied.  In 
many  instances  I  have  put  a  very  short  underground  circuit  on  a 
dynamo  and  had  a  small  capacity  in  series  with  the  self-induc- 
tion of  the  armatures.  In  other  cases  I  have  had  a  large  static 
capacity  made  up  fiom  several  underground  circuits  on  one 
armature.  1  watched  very  carefully  under  both  those  circum- 
stances for  any  effect  of  resonance  or  rise  of  potential  or  any- 
thing that  would  tend  to  injure  the  cable  and  I  have  never  seen 
it  to  any  degree  at  all. 

Mb.  btbinmbtz  : — I  may  give  you  some  data  on  an  experiment 
I  made  some  time  ago,  on  resonance  at  very  low  potential  and 
very  low  frequency.  That  was  on  a  100  volt  alternating  circuit 
of  25  cycles,  where  the  line  had  a  large  self-induction,  but  small 
resistance.  The  line  was  feeding  a  bank  of  incandescent  lamps, 
and  across  the  terminals  of  the  lighting  circuit  I  put  a  con- 
denser or  rather  an  apparatus  that  was  equivalent  to  a  condenser 
of  about  7,000  microfarads.  Then  I  found  that  with  an  electro- 
motive force  of  some  40  volts  at  the  generator,  at  the  end  of  the 
line  I  had  something  over  100  volts,  when  a  current  of  100 
amperes  was  passing.     That  was  resonance. 

Dr.  Bell  : — I  am  inclined  to  think  that  resonance  of  the 
higher  harmonics  is  the  rule  rather  than  the  exception.  I  think 
there  are  comparatively  few  long  lines  of  any  kind  where  one  is 
not  likely  to  find  a  great  deal  more  tendency  to  sparking  and 
sputtering  around  the  switchboard  and  on  the  line  than  would  be 
accounted  for  by  the  normal  voltage  of  the  machine,  even  where 
the  atmospheric  conditions  are  not  such  as  can  account  for  it. 
There  is  quite  frequently  enough  resonance  to  make  it  noticeable 
— a  tendency  to  get  some  sort  of  abnormal  quasi-static  effect  on 
a  line  of  any  considerable  length.  I  am  inclined  to  attribute  it 
in  many  cases  to  the  actual  existence  of  this  resonance  mostly 
of  higher  harmonics  of  the  e.  m.  f. 

Dr.  M.  1.  Pupin: — I  have  observed  peculiar  resonance  effects 
on  short  lines — only  about  six  feet  in  length,  that  is  to  say,  the 
alternator  was  only  about  six  feet  from  the  transformer.  They 
seem  to  me  to  bear  on  the  matter  of  sparking  on  long  lines.  The 
resonance  effects  which  I  refer  to,  never  occur  when  there  is  a 
big  load  on  the  transformer.  It  always  occurs  when  there  is  no 
load  at  all,  or  a  small  load.  It  looks  as  if  there  was  an  oscilla- 
tion between  the  alternator  and  the  transformer,  which  did  not 
extend  into  the  alternator  or  into  the  transformer.  Of  course 
on  this  short  line  containing  a  small  coil  without  iron  there  was 
a  condenser  in  shunt  with  the  primary  of  the  transformer.  Now 
it  is  quite  possible  to  have  resonance  on  a  long  line  when  there 
is  some  distributed  capacity  there — and  there  always  is — pro- 
vided the  self-induction  of  the  line  be  such  as  to  give  the  length 
of  the  line  the  periodicity  of  some  of  the  upper  harmonics. 
The  oscillation  on  the  line  may,  and  according  to  my  investiga- 
tions, will  occur  extending  into  the  motor,  or  into  the  trans- 
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former  or  into  the  alternator.  It  is  entirely  local.  I  have  every 
reason  to  believe,  although  I  have  no  conclusive  proof  as  yet, 
tha-  wnce  this  resonance  effect,  whenever  it  occurs,  occurs  always 
when  there  is  a  big  self-induction  in  the  transformer  or  motor, 
that  it  is  due  to  some  sort  of  a  reflection  ;  that  is  to  say,  the  high 
frequency  wave  belonging  to  some  upper  harmonics  strikes,  as 
it  were,  a  solid  wall  when  it  encounters  the  large  self-induction 
of  the  motor  or  transformer  and  is  reflected  back.  These  inter- 
ferences between  the  direct  and  the  reflected  waves  may  quite 
easily  produce  the  sparking  observed  on  long  lines,  especially 
when  these  long  lines  are  worked  by  an  impressed  e.  m.  f.  of 
several  thousand  volts.^ 

[Communicated  aftee  Adjournment  by  Chas.  P.  Steinmetz.] 

The  analytical  proof,  tliat  the  frequency  has  no  direct  influ- 
ence upon  the  action  of  the  polyphase  induction  motor,  is  the 
following : 

Leaving  aside  secondary  phenomena,  which  can.  be  neglected 
in  a  properly  designed  motor,  the  maximum  output  which  an  in- 
duction motor  can  furnish  is  given  by  the  equation : 

w-     P^ 

where  • 

jp  =  number  of  phases, 

E  =  electromotive  force  per  phase, 

r   =  total  effective  resistance, 

u  =  total  impedance  of  the  motor  circuit,  per  phase,  that  of 
the  secondary  circuit  being  reduced  to  the  primary  by  the  ratio 
of  transformation.^ 

The  impedance : 

u  =    V^  +  (2  ;r  i\^  Lf 

where 

N  =  frequency, 

1  Dr.  Bell  calls  this  pheDomenon  sputtering  and  not  sparking.  I  have  studied 
this  phenomenon  at  some  length  and  caUed  it  fiaky  dincharge,  because  it  con- 
sists  of  minute  silent  sparks  looking  like  small  snow  flakes,  which,  when  a 
large  conducting  surface  is  brought  near  the  wire  may  take  the  form  of  a  faint 
brush  discharge.  This  brush  discharge  will  take  place  even  at  considerable 
distance,  so  through  half  inch  of  fibre,  hard  rubber  or  dry  wood,  even  if  the 
potentials  employed  are  only  a  little  over  a  thousand  volts,  provided  that  the 
frequency  is  high  enough,  say  over  800  periods  per  second.  I  intend  to  dis- 
cuss this  phenomenon  at  some  length  in  a  paper  which  I  am  now  preparing 
for  the  IifsTiTXJTB.— M.  I.  P. 

2.  It  may  be  mentioned  here  that  this  formula  is  the  fundamental  equation 
of  the  output  of  an  alternating  current  circuit  containing  resistance  and  in- 
ductance (the  latter  being  positive  as  magnetic  inductance  or  negative  as  capa- 
city inductance,  while  the  resistance  is  the  * '  effective  resistance  in  the  sense 
as  explained  in  my  paper  read  before  the  Chicago  Congress).  It  applies  to  the 
maximum  output  of  transformers  as  well  as  of  generators,  synchronous  motors, 
or  the  whole  system  in  general. 
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L  =z  coefficient  of  ^^-indnction  (that  is,  coefficient  referring^ 
to  the  magnetic  flux  interlinked  with  one,  but  not  with  the  other 
circuit"). 

Witn  varying  frequencies,  if  the  same  magnetic  disposition  ia 
maintained,  the  coefficient  of  self-induction  L  is  inverse  propor- 
tional to  the  frequency. 

Hence  ^it  N  L^  and  therefore  u  and  TTare  constant  and  in- 
dependent of  the  frequency. 

Thus  the  maximum  output  of  an  induction  motor  of  given 
speed  and  size,  and  consequently  its  torque,  is  independent  of  the 
frequency,  if  the  same  magnetic  disposition  is  maintained. 

The  same  holds  lor  the  angle  of  lag  of  the  motor,  which  at 
the  moment  of  maximum  output  is  given  by 

cos^=\/^!+^, 

hence  is  independent  of  the  frequency  also. 

In  reality,  as  secondary  phenomenon,  a  slight  variation  takes 
place  with  varying  frequency,  and  r  gets  a  fittle  larger,  and  u 
a  little  smaller  at  low  frequency  ;  that  is,  while  the  maximum 
output  remains  the  same,  the  angle  of  W  gets  slightly  less  at 
lower  cycles,  and  the  power  factor  a  little  nigher  consequently. 

However,  if  the  same  favorable  magnetic  design  is  maintained, 
at  a  frequency  of  from  70  to  80  cycles  the  peripheral  speed  of 
the  motor  becomes  higher  than  is  desirable  for  mecnanical  reasons^ 
This  is  one  of  the  reasons  which  induced  me  to  recommend  60 
cycles  as  standard  frequency  for  alternate  current  circuits  for 
light  and  power  distribution. 

Schenectady.  N.  V.,  February,  1894. 


The  PREsroBNT : — If  there  is  no  further  discussion  I  will  call 
for  the  report  of  the  Committee  on  Units  and  Standards. 

REPORT  OF  COMMITTEE  ON  UNITS  AND  STANDARDS. 

New  York,  Nov.  15th,  1893. 
To  the  President  and  Council^  of  the 

American  Institute  of  Electrical  Engineers. 

Gentlemen: — Your  committee  on  "Units  and  Standards"  begs  to 
recommend  to  the  Institute  the  provisional  adoption  of : — 

The  term  •* gilbert'*  for  the  c.o.s.  unit  of  magnetomotive  force,  the 
same  being  produced  by  0.7958  ampere-turn  approximately. 

The  term  '*weber"  for  the  c.g.s.  magnetic  unit  of  flux,  sometimes 
described  as  the  c.g.s.  line  of  flux. 

The  term  '•  oersted  "  for  the  c.g.s.  unit  of  reluctance. 

The  term  "gauss  "  for  the  c.g.s.  unit  of  flux  density,  or  one  weber  per 
normal  square  centimetre. 

The  committee,  it  will  be  remembered,  in  its  previous  report,  dated 
June  20th,  1 891,  advocated  that  the  above  terms  should  be  accorded  to 
magnitudes  in  conformity  with  the  "practical"  electromagnetic  system, 
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and  therefore  following  in  natural  order  and  extension  from  the  volt,  ohm^ 
ampere,  and  other  units  in  universal  use. 

As,  however,  so  important  a  series  of  new  unit  magnitudes  could  only 
meet  with  general  recognition  and  favor  under  the  authorization  of  an 
International  Electrical  Congress,  which  authorization  has  been  withheld  at 
the  recent  Congress  at  Chicago,  and  since  objections  have  been  raised  to 
those  magnitudes,  your  committee  considers  that  the  urgent  need  for 
names  specifying  the  principal  quantities  dealt  with  in  magnetic  circuits 
can  best  be  met  with  general  favor,  by  adopting  for  those  names  the 
fundamental  unit  magnitudes  of  the  international  c.g.s.  system  after  the 
precedents  already  established  in  the  cases  of  the  c.g.s.  units  of  force  and 
work,  entitled  respectively  the  '*  dyne  "  and  '*  erg." 

Yours  very  respectfully, 
Committee  on  Units  and  Standards. 

F.  B.  Crocker, 
W.  E.  Geyer, 

G.  A.  Hamilton, 

A.  E.  Kennelly,  Chairman, 

Thb  President: — Gentlemen,  you  have  heard  the  report. 
What  action  will  you  take  on  it  ? 

Mr.  Townsend  Wolcott: — It  does  not  strike  me  that  those 
names  follow  the  precedents  already  established.  The  names  of 
individuals  are  applied  to  c.  q.  s.  units  in  no  other  case. 

Mb.  Mailloux  : — There  is  another  fact  which  I  think  ouffht 
to  be  brought  to  the  attention  of  the  committee,  and  that  is  that 
the  term  "  weber "  is  already  preempted.  That  was  done  at 
the  International  Congress  of  1881.  I  think  there  was  some 
discussion  as  to  the  substitution  of  the  word  "amper^"  for 
"  weber  "  which  was  then  the  accepted  term  for  the  unit  of  cur- 
rent, and  it  was  agreed,  and,  I  think,  entered  on  the  record  at 
the  time,  that  the  word  "  weber "  should  be  used  for  the  abso- 
lute unit  of  current  which  is  10  amperes,  and,  I  think,  the  term 
is  still  in  vogue  or  in  force  as  the  name  for  the  absolute  unit  of 
current  (10  amperes).  Hence  before  we  could  appropriate  that 
term  for  the  unit  of  ma^etic  flux  it  would  be  necessary  to  have 
some  action  rescinding  its  use  for  the  unit  of  absolute  current. 
The  unit  of  absolute  current  is  in  reality  seldom,  if  ever,  referred 
to  by  name.  It  was  a  very  good  way  to  relegate  that  term  to 
obscurity  to  use  it  for  this  unit,  because  we  always  speak  of 
amperes  and  not  tens  of  amperes  or  webers.  At  the  same  time, 
unfess  the  way  is  made  clear  by  undoing  the  work  of  that  con- 
gress, I  think  we  shoald  hesitate  to  make  use  of  the  term  for 
another  unit  until  we  have  a  clear  title  to  it.  I  have  no  objec- 
tion at  all  to  the  term  "  weber  "  for  that  purpose,  if  we  can  have 
the  right  to  use  it. 

Mb.  Stbinmetz  : — I  do  not  consider  the  proposal  of  our  com- 
mittee a  happy  one,  and  should  not  recommend  the  adoption  of 
these  new  names,  for  the  reason  that,  when  we  introduced  the 
name  "  henry,"  we  were  aided  greatly  by  the  fact,  that  the  name 
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*'  quadrant "  proposed  before,  was  not  in  conformity  with  the 
established  system  of  denotation,  which  applies  to  the  practical 
units  the  names  of  eminent  scientists,  and  denotes  the  absolute 
units  with  Greek  names.  Here,  now,  we  fall  in  the  same  error 
and  propose  the  names  of  scientists,  not  for  practical  units,  but 
for  absolute  units.  Tlierefore  I  fear  no  congress  would  adopt 
these  names  since  they  do  not  agree  with  the  established  practi- 
cal units  "ampere."  '*ohm,"  etc. 

Furthermore,  1  really  cannot  see  any  urgent  need  for  these 
new  terms.  For  instance,  the  first  one — *'  gilbert " — the  centi- 
metre-gramme unit  of  magnetomotive  force  will  probably  never 
be  used  in  practice,  because  everybody  calculates  with  ampere- 
turns,  which  is  more  convenient  than  (c.  g.  s.)  units.  As  to  the 
term  "  weber,"  you  simply  replace  one  name  by  another  name, 
but  the  term  'Mine  of  force''  is  generally  used  and  cannot  be 
mistaken  for  the  practical  unit,  and  it  serves  the  purpose  just  as 
well.  Then  with  regard  to  the  term  "  gauss  "  you  can  just  as 
well  speak  of  lines  of  force,  of  kilolines  or  megalines.  For 
"  oersted  "  the  term  of  magnetic  reluctance,  the  same  holds  as 
for  "  gilbert."     Reluctance  is  not  generally  used  in  engineering 

practice,  and  if  it  is  used,  it  is  applied  to  : : — .     There- 

^  '  »  rir  ampere  turns 

fore  I  should  not  recommend  proposing  such  names,  the  more, 
as  just  after  our  success  with  tne  name  "  henry,"  we  ought  to 
be  very  slow  and  careful  not  to  lose  the  advantage  that  we  gained 
by  successfully  introducing  a  new  name,  in  proposing  without 
full  consideration  and  investigation  new  names,  which  have 
little,  if  any,  chance  to  be  adopted  finally,  and  should  rather 
leave  the  matter  as  it  stands  c.  o.  s.  units,  lines,  kilolines,  and 
megalines. 

Mr.  a.  E.  Kennblly: — What  Mr.  Steinmetz  has  said  in  re- 
gard to  the  absence  of  occasion  for  the  use  of  the  quantities 
now  under  consideration  for  names,  has  been  up  to  the  present 
time  unfortunately  only  too  true ;  for  the  reason  that  we  have 
not  had  names  to  call  them  by.  That  has  been  the  experience 
not  only  in  the  magnetic  system  but  also  in  the  preceding  elec- 
tric system,  that  there  was  no  active  general  development  of  the 
ideas  connected  with  the  quantities  of  each  science  until  we  had 
names  upon  which  to  build  those  ideas.  It  is  only  when  we  are 
able  to  express  our  thoughts  in  clear,  simple  terms,  and  only 
when  we  possess  such  terms  that  these  ideas  can  extend  and 
generalize.  If  we  did  not  have  the  names  "  volt,"  "ohm,"  and 
"  ampere,"  we  should  not  have  electrical  science  and  arts  in  the 
condition  they  are  in  to-day.  There  is  surely  a  very  urgent  need 
for  names  of  some  kind  in  connection  with  a  magnetic  circuit, 
because  we  are  constantly  seeing  the  strenuous  efforts  people  now 
make  to  avoid  expressing  their  ideas  relating  to  magnetic  cir- 
cuits in  a  quantitative  manner.  If  I  take  up  this  book  in  my 
hand  and  want  to  express  the  weight  of  it,  isn't  it  far  better  to 
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jsay,  this  book  weighs  three  hundred  grammes,  than  three  hun- 
dred units  of  weight  in  the  c.  g.  s.  system.  Contrast  the  concise- 
ness and  deiiniteness  of  these  two  statements. 

In  regard  to  the  objection  as  to  names  taken  from  eminent 
electricians  or  names  taken  from  Greek  roots,  it  is  true  we  have 
not  a  sufficient  number  of  ^eat  Greek  electricians  upon  whom 
we  can  fall  back  for  suitable  names.  If  any  one  will  suggest 
suitable  Greek  names  that  are  likely  to  meet  with  support  and 
favor,  I  am  sure  we  would  only  be  too  pleased  to  hear  them. 
But  as  we  do  not  possess  the  facility  for  creating  Greek  names 
in  this  country  that  will  meet  with  general  apprehension  and 
support,  how  can  we  do  better  than  select  these  well  known  and 
honored  names  that  have  been  such  stars  on  the  pathway  of  the 
development  of  this  science.  Surely  there  can  be  no  question 
concerning  the  relative  advantages  oi  Greek  derivations  that  not 
one  speaker  in  a  hundred  might  understand,  compared  with  such 
names  as  those  we  advocate,  which  are  household  words  among 
us  all.  We  cannot  at  the  present  time  expect  to  create  new  unit 
magnitudes.  That  is  the  province  of  an  international  electrical 
congress.  But  we  can,  without  inflicting  any  disadvantage 
upon  our  neighbors,  provisionally  adopt  names  of  this  kind  for 
units  already  established  by  electrical  congresses — the  c.  o.  s. 
units  that  we  constantly  employ— and  we  believe  that  by  so  do- 
ing, we  can  greatly  aid  the  science  and  art  of  electrical  engi- 
neering. 

Mb.  Mailloux  : — It  seems  to  me  that  the  objection  might  be 
to  some  extent  obviated  by  regarding  these  terms  as  applying  to 
practical  units  instead  of  o.  g.  s.  units.  They  might,  if  we  chose, 
be  looked  upon  as  being  coincident  with  tne  c.  g.  s.  value.  At 
the  same  time  in  calling  them  practical  units  we  would  not  be 
departing  from  the  established  precedent  in  that  respect.  We 
have  a  perfect  right  to  confer  such  names  as  these  on  practical 
units.  I  think  myself  that  the  objection  against  invading  the 
prerogatives  of  pure  science  is  somewhat  valid.  I  think  that 
there  is  a  tendency,  in  our  science  especially,  to  a  certain  jum- 
bling of  terms  by  not  giving  careful  attention  to  what  might  be 
called  the  "proprieties"  of  lexicography,  and  I  think  that  cer- 
tainly it  would  be  a  step  which  would  command  the  approval  of 
a  greater  proportion  of  the  members  and  of  scientific  men  gen- 
erally, to  consider  these  things  as  practical  units,  rather  than  as 
c.  G.  8.  units,  even  though  they  might  have  the  same  value.  For 
instance,  it  was  a  mere  accident  that  we  were  using  one  ampere, 
and  that  we  gave  it  a  special  name  which  was  one-tenth  the 
value  of  the  absolute  electro-magnetic  unit  of  current.  In  the 
case  of  the  proposed  new  units  it  may  be  a  coincidence  that  we 
happen  to  use  the  same  value  as  the  absolute  unit  for  the  practi- 
cal unit. 

Another  point  that  I  would  like  to  call  attention  to,  is  the  fact 
that  the  expression  .7958  ampere-turn  is  a  very  awkward  one  to 
handle.     Tnat  is  one  objection  in  fact  to  tne  adoption  of  the 
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term  "  gilbert "  as  now  defined  by  the  committee.  It  would  not 
be  used  probably  as  much  as  the  term  ampere-turns  to  which  we 
are  now  accustomed,  for  the  reason  that  tne  conversion  involyes 
a  rather  awkward  fraction.  There  is  also  a  more  or  less  definite 
objection  to  the  use  of  any  term  for  reluctance,  because  the 
term  reluctance  itself  does  not  express  any  concrete  value  unless 
we  take  into  consideration  the  particular  facts  and  circumstances 
surrounding  the  particular  case. 

Thb  Pbesidbnt: — What  action  will  you  take  on  this  report, 
gentlemen  ? 

Mb.  C.  S.  Bradley  :— There  seem  to  be  two  objectors  and 
there  were  four  members  of  the  committee.  I  think  the 
majority  is  in  favor  of  the  report.  I  move  that  it  be  provision- 
ally adopted.     [Seconded.] 

Mr.  Mailloux  : — I  move  that  the  matter  be  laid  on  the  table. 

[The  motion  was  seconded  and  carried.] 

The  President  : — I  call  for  the  report  of  the  Committee  on 
Eevision  of  the  Eules — Dr.  Herzog,  Chairman. 

The  Secretary  : — This  report  was  handed  in  by  the  Chair- 
man, Dr.  Herzog,  who  could  not  remain  to  present  in  person. 

The  President: — It  contains  a  notice  of  certain  proposed 
changes  in  the  by-laws.    The  Secretary  will  please  read  it. 

The  Secretary  read  the  following  report : 

REPORT  OF  COMMITTEE  ON  REVISION  OF  RULES. 

At  a  meetins:  of  the  Committee,  duly  held,  it  was  unanimously  resolved 
to  advise  that  the  rules  relating  to  elections  be  immediately  changed  as  set 
forth  below. 

In  pursuance  of  this  resolution  and  of  the  provision  in  Section  VIII., 
controlling  the  manner  in  which  amendments  may  be  made,  the  prescribed 
written  notice  is  hereby  given  by  the  Chairman  on  behalf  of  the  Com- 
mittee. 

At  the  next  or  at  some  subsequent  regular  meeting  of  the  Institute  the 
following  separate  amendments  of  the  rules  will  be  brought  up : 

Resolved,  that  Section  V.  be  amended  as  follows  : 

ist  change — After  "  a  "  in  line  13,  add  the  words  **  second  list  headed." 

2d  change — Line  18,  after  "choice"  add  "opposite  the  name  of  each 
nominee  in  each  list  shall  be  printed  a  number  indicating  the  number  of 
nominations  received  by  him,  and  a  suitable  explanation  of  these  numerals 
shall  be  placed  on  the  sheet." 

3d  change — Lines  33  to  36,  shall  be  changed  to  read  "  sealed,  unmarked 
and  unidentified  *  Inner  envelope '  of  any  suitable  character,  to  be  in  its 
turn  enclosed  either  in  the  *  Voting  envelope '  (received  from  the  Secre- 
tary) or  in  any  other  envelope  marked  on  its  face  *  Non-official  Voting  En- 
velope-Enclosing a  ballot  only.*  The  outer  envelope  of  either  class  must 
be  identified  by  the  signature  of  the  member  on  its  face,  and  must  be  sealed 
and  mailed  to  the  Secretary." 

Respectfully  submitted, 

[  F.  Benedict  Herzog,  Chairman. 
Jan.  17,  1893.  Signed,  j  T.  C.  Martin. 

'  F.  R.  Upton,  Assenting. 
[Adjourned.] 


AMEEICAN  INSTITUTE  OF  ELECTEICAL 
ENGINEEKS. 

New  York,  February  21,  1894. 

The  eighty-fourth  meetinff  of  the  Institute  was  held  this  date, 
at  12  West  Slat  street,  and  was  called  to  order  by  President 
Houston  at  8  p.  m. 

The  Secretary  read  the  minutes  of  the  last  meeting  and  on 
motion  they  were  approved. 

The  Secretary  read  the  following  list  of  associate  members 
elected,  and  of  associate  members  transferred  to  full  membership 
at  the  Conncil  meeting  held  February  21st. 


Name. 

Babcock,  Clifford  D., 


Barstow,  William  S., 
Clough,  Albert  L., 
Crosby,  James  W., 
Forbes,  George. 
Frantzbn,  Arthur 

Oerry,  Edward  M., 
Oesseaumb,  Charles 
Harrison,  Harold 


Address.  Endorsed  by. 

203  East  87th  Street,  Chas.  A.  Doremus. 

New  York  City.         Wm.  J.  Jcnks. 
L.  Stieringer. 

General  Supt.,    Edison    Electric  Chas.  Hewitt. 

Illuminating  Co.,  360  Pearl  St.,       James  Hamblet. 
Brooklyn,  N.  Y.  J.  P.  Wintringham. 


Box  114.     Manchester,  N.  H. 


Electrical  Engineer. 

Hix,  Crosby  &  Co., 

128  Broadway. 
Electrical  Engineer, 

34  Great  George  St., 

London,  England.  Horatio  A.  Foster. 

Inspector,  Electrical  Engineering  R.  H.  Pierce. 

Dept.,  World's  Columbian  Ex-     Lemuel  S.  Boggs. 

position,  662  Shober  St. Chicago,  G.  Sacco  Albanese. 

III. 


Wm.  L.  Puflfcr. 

Geo  F.  Curtiss. 

Caryl  D   Haskins. 

Wm.  J.  Hammer. 

Joseph  Wetzler. 

Wm.  J.  Jenks. 

T.  C.  Martin. 

Joseph  Wetzler. 


Weston  Electrical  Instrument  Co., 
114  William  St., 

Newark,  N.  J. 
Chief      Draughtsman,      Newark 
Factory,  Westing  house  Electric 
and  Mfg.  Co.,  Newark,  N.  J. 
New  York  Representative, 
Slater  Engine  Co., 

Montclair,  N.  J. 


James  Hamblet. 
R  O.  Heinrich. 
Edward  Weston. 

L.  A.  Osborne. 
Philip  A.  Lange. 
F.  N.  Waterman. 

Wm.  E.  Geyer. 
F.  A.  Pickemell. 
James  H.  Bates. 
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Hix,  E.  Randolph 
LiGHTHirK,  James  A., 
Morehouse,  H.  H., 

Potts,  Chas.  Edwin 
Richardson,  Albert  E. 

RiTTENHOUSE,  ChAS.  T.. 

Snook,  S.  D., 
Trafford,  E.  W. 
Treadwell,  Augustus,  Jr, 
Wendle,  George  E., 
Total  19. 


Hix,  Crosby  &  Co.,  Electrical 
Engineers  and  Contractors,  128 
Broadway,  New  York  City. 

District  Engineer,  General  Elec- 
tric Co.,  15  First  Street.  San 
Francisco,  Cal. 

General  Manager  and  Electrician, 
Alumbrado  Eiectrice  de  Quezalte- 
nango,  Apartado.Quezaltenango. 
Guatemala,  C.  A. 

Student  in  Electricity, 

1248  Dean  Street, 

Brooklyn,  N.  Y. 

Lecturer  in  Science,  County  of 
Surrey,  55  Coleridge  Road, 
Crouch  End,  London,  Eng. 

Post-Graduate  Student,  Columbia 
College,  247  W.  138th  Street, 
New  York  City. 

Manager.  Williamsburg  Exchange, 
N.Y.  and  N.  J.  Telephone  Co.. 
14  BoerumSt.,  Brooklyn.  N.Y. 

Electrical  Engineer,  Richmond 
Railway  and  Electric  Co,,  104 
N.  7th  St.,  Richmond,  Va. 
.,  Private  Assistant.  Polytechnic 
Institute,  448  3d  St. ,  Brooklyn, 
N.  Y. 

Instructor  in  Electrical  Engineer- 
ing, Lehigh  University,  705 
Dakota  St.,  So.  Bethlehem, Pa. 


Wm.  J.  Hammer 

Jos.  Wetzler. 

Wm.  J.  Jenks. 

F.  F.  Barbour. 

Louis  Bell. 

Elihu  Thomson. 

C.  O.  Mailloux. 

H.  A.  Sinclair. 

Jos.  Wetzler. 

Samuel  Sheldon. 

O.  R.  Roberson. 

James  Hamblet. 

R.  W.  Pope. 

T.  C.  Martin. 

Jos.  Wet/ler. 

M.  I.  Pupin. 

F.  B.  Crocker. 

W.  H.  Freedman. 

W.  D.  Sargent. 

J.  C.  Reilly. 

R.  W.  Pope. 

A.  M.  Schocn. 

C.  E.  McCluer. 

M.  B.  Leonard. 

Samuel  Sheldon. 

Chas.  Hewitt. 

G.  W.  Gardanier. 

E.  J.  Houston. 

F.  B.  Crocker. 

R.  W.  Pope. 


TRANSFERRED  FROM  ASSOCIATE  TO  FULL  MEMBERSHIP. 


Approved  by  Board  of  Examiners,  December  7th,  1893. 


Electrician,  New  York  and  Pennsylvania  Telephone 
■  -  *  "   ^      ~        1,  N.  Y. 


WoLVERTON,  Byron  C. 

and  Telegraph  Ca,  Elmira, 
Van  Trump,  C.  Reginald    Engineer  and  Manager,   Wilmington  City  Electric 

Co.,  Wilmington,  Del. 
General  Manager  New  York  and  New  Jersey  Tele- 
phone Co.,  Brooklyn,  N.  Y. 
Assistant  Electrical  Engineer,  Buffalo  Railway  Co., 

Buffalo,  N.  Y. 
Electrical  Engineer,  General  Electric  Co.,  Boston, 
Mass. 


Sargent,  Wm.  D. 
GiFFORD,  Clarence  E. 
LovEjoY,  Jesse  R. 
Total  5. 

The  Pbesident  : — The  next  order  of  business  will  be  the  re" 
port  of  the  Committee  on  Revision  of  the  Rules  governing 
Elections.  Is  it  your  desire  to  take  this  up  now,  or  after  the 
paper?  If  there  is  no  desire  expressed,  the  Cliair  will  decide  to 
take  it  up  after  the  paper. 

I  believe  there  is  also  a  report  of  the  Committee  on  Units  and 
Standards,  Mr.  Kennelly  Chairman. 
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Mr.  Kennelly  : — I  beg,  sir,  to  give  notice  of  a  motion  to  be 
made  at  the  next  meeting  of  the  Institute,  that  the  report  of  the 
committee  be  taken  from  the  table  at  that  time. 

The  President  : — It  has  been  suggested  that  Mr.  Maaro  will 
read  a  paper  concerning  a  Change  of  Policy  in  the  Administra- 
of  the  Patent  OflSce,  prior  to  Mr.  Leonard's  paper,  as  Mr. 
Leonard's  paper  will  be  illustrated  by  experiments.  I  take  pleasure 
in  introdncing  to  you  Mr.  Philip  Mauro,  of  Washington. 

Mr.  Mauro: — Mr.  President  and  Gentlemen.  It  may  not  be 
amiss,  I  hope,  before  coming  directly  to  my  theme,  to  express  the 
gratification!  feel  in  meeting  for  the  first  time,  my  fellow  mem- 
bers of  this  Institute.  Although,  as  I  say,  this  is  the  first  time 
I  have  enjoyed  that  pleasure,  I  have,  nevertheless,  through  the 
medium  of  your  transactions  noted  with  a  great  deal  of  satisfac- 
tion the  progress  of  your  body  in  keeping  pace  with  the  marvel- 
lous advance  in  the  branch  of  human  activity  to  which  most  of 
your  members  are  devoted. 

I  understand  that  the  rules  and  practices  governing  your 
procedure  here,  permit  the  author  of  a  paper,  which  has  presum- 
ably been  read  and  to  some  extent  digested  in  advance,  to  present 
briefly  the  points  and  propositions  that  he  desires  to  advance,  in 
order  to  leave  larger  time  for  discussion.  I  shall  the  more  gladly 
avail  myself  of  this  privilege,  because,  there  is  another  paper  to 
be  submitted,  which  will  probably  be  of  more  interest  to  the 
body  than  the  paper  I  present,  and  because  I  am  particularly 
interested  in  having  those  persons  who  are  concerned  with  the 
subject  that  brings  me  here  this  evening,  express  their  views  in 
the  fullest  manner. 

[Mr.  Mauro's  paper  appears  in  full  on  the  following  pages.] 


A  paper  prtsetUtd  at  the  84ih  mttting  of  the 
Americam  iMsiiiMtt  of  EUctrical  Engineers^ 
New  VerJkf  February  g/st^  1894.  President 
Houston  in  the  Chair. 


CONCEENING    A  CHANGE     OF     POLICY    IN    THE 
ADMINISTRATION   OF  THE   PATENT  OFFICE. 

BY  PHILIP  MAURO. 

The  viewB  presented  in  these  pages  were  called  forth  by  the 
announcement  or  rumor  that  the  present  Commissioner  of 
Patents  had  decided  to  inaugurate  a  radical  change  of  policy  in 
his  office,  in  the  treatment  of  applications  for  patents  where  the 
margin  of  novelty  is  small,  or  the  exercise  of  invention  doubtful. 
The  old  rule,  unwritten  but  tacitly  recognized,  has  been ;  when  a 
substantial  doubt  exists  to  give  the  applicant  the  benefit  of  it. 
This  rule,  it  is  said,  has  been  reversed. 

The  policy  and  purposes  of  the  head  of  this  important  bureau 
are  matters  of  deep  interest  to  the  public  in  general,  and  partic- 
ularly to  the  industrial  portion  thereof ;  and  while  the  present 
incumbent  has  not  seen  fit  to  make  any  public  declaration  of  his 
policy  in  the  treatment  of  applications,  the  impression  that  very 
generally  exists,  to  the  effect  that  radical  changes  are  in  contem- 
plation, furnishes  a  suitable  occasion  for  examining  and  consider- 
ing the  relations  of  the  Patent  Oflice  to  the  industrial  arts,  and 
the  influence  it  exercises  upon  the  development  of  the  country's 
resources.  It  is  the  natural  desire  of  every  citizen  to  see  that 
influence  increased,  and  the  affairs  of  the  Patent  Office  so  admin- 
istered as  to  produce  the  greatest  possible  benefit  to  the  public. 
It  may,  therefore,  be  taken  for  granted  that  any  changes  which 
the  Commissioner  of  Patents  may  contemplate  in  the  adminis- 
tration of  his  oflBce,  will  have  that  object  in  view  ;  but  the  conse- 
quences of  changes  of  this  sort  c^n  never  be  wholly  foreseen,  and 
frequently  are  of  a  nature  quite  unexpected. 

This  is  my  excuse  for  putting  before  the  Institute  of  Eleo- 
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TRiOAL  Engineers  ray  views  as  to  the  probable  consequences  of 
«uch  change  of  policy  in  the  Patent  Office  as  is  supposed  now  to 
be  going  into  effect. 

The  particular  point  of  inquiry  is,  whether  the  examining 
-corps  of  the  Patent  Office  has  been  so  lavish,  lax  and  imprudent 
in  the  issue  of  patents,  particularly  where  the  novel  improve- 
ment sought  to  be  covered  was  of  a  trifling  character,  that  the 
public  interests  have  been  detrimentally  affected.  If  so,  what 
are  the  particular  evils  that  have  resulted  from  this  undue  libe- 
rality, and  how  far  should  the  Patent  Office  shift  its  ground  in 
the  other  direction  in  order  to  avoid  them  ? 

Upon  the  mere  statement  of  these  questions  it  is  apparent  that 
they  will  not  be  easy  to  answer  in  a  conclusive  and  satisfactory 
manner ;  yet  it  is  my  hope  and  belief  that,  after  a  fair  considera- 
tion of  them,  the  conclusions  will  be  that  there  is  no  ground 
whatever  for  apprehension  of  damage  to  the  public  or  to  indi- 
viduals by  reason  of  undue  liberality  on  the  part  of  the  patent 
examiners,  but  that,  on  the  contrary,  the  only  damage  that  has 
been,  or  will  be  caused,  proceeds  from  those  members  of  the 
corps  who  by  nature  and  habit  are  disposed  to  take  the  narrow 
-and  illiberal  view  of  inventions. 

In  so  large  a  body  of  men  as  the  examining  corps,  there  is,  of 
course,  great  diversity  of  character,  disposition,  and  mode  of 
action.  In  the  exercise  of  judgment  upon  applications  for 
patents,  we  find  the  two  extremes  of  undue  liberality  on  the  one 
hand,  and  excessive  strictness  on  the  other,  and  this  will  always 
be  so;  but  no  one  competent  to  judge  will  deny  that,  up  to  the 
present  time,  the  work  of  the  bureau  as  a  whole  has  been 
characterized  by  fairness,  just  discrimination,  and  due  apprecia- 
tion of  the  rights  of  inventors,  with  a  leaning  rather  in  the 
<Jirection  of  the  more  illiberal  and  narrow  decisions  which  have 
in  recent  years  emanated  from  judges  of  small  experience  in 
patent  matters,  and  of  slight  acquaintance  with  the  actual  steps 
of  the  process  whereby  the  development  of  the  useful  arts  is 
effected.  The  patent  system  of  the  United  States  owes  its 
present  position  of  usefulness  and  importance  to  the  happy  cir- 
cumstance that  its  principles  received  their  first  interpretation, 
and  its  purpose  their  first  judicial  declaration,  from  broad-minded 
and  far-seeing  men  ;  and  so  long  as  the  development  of  the  sys- 
tem follows  the  impetus  and  direction  given  it  by  the  earlier 
decisions  of  the  Federal  courts,  its  beneficent  influence  upon 
national  prosperity  will  extend  on  every  side. 
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Uniese  the  actions  of  the  examining  corps  as  a  wliole  have 
been  lax,  careless,  and  unduly  liberal  (which  certainly  is  not  the 
case),  it  is  clear  that  the  sum  of  all  the  effects  of  a  change  in  the 
direction  of  greater  stringency  must  be  detrimental  and  injurious. 
The  easy-going  and  indulgent  examiner  (how  many  such  are 
there  ?)  may  be  restrained  from  improvident  grants,  but  the  man 
of  fair  mind  and  sound  judgment  will  feel  impelled  to  refuse 
patents  which,  in  the  untrammelled  exercise  of  his  discretion,  he 
would  ordinarily  allow ;  while  the  strict  constructionist,  whose 
dominant  motive  appears  to  be  hostility  to  inventors,  will  be 
confirmed  and  encouraged  in  his  disposition  to  perceive  an  antag- 
onist in  every  applicant  for  a  patent,  and  to  dispute  and  place 
obstacles  in  the  way  of  every  claim  that  is  submitted  for 
allowance. 

The  proposition  at  this  point  is  simply  that  the  policy  of  the 
Patent  Office  as  a  whole  in  the  treatment  of  applications  has  not 
heretofore  been  liberal  to  the  point  of  laxity  or  improvidence. 
The  only  basis  that  I  am  aware  of  for  any  opinion  to  the  contrary, 
is  the  fact  that  many  patents  have  been  held  by  the  courts  to  be 
void  or  illegal  grants,  on  the  ground  that  the  subject-matter  was 
not  patentable,  or  did  not  in  view  of  the  evidence  and  character 
of  the  results  achieved,  rise  to  the  dignity  of  an  invention,  or  in- 
volved merely  the  exercise  of  mechanical  skill.  But  it  would  be 
hasty  and  illogical  to  conclude  from  this  fact  that  the  Patent 
Office  has  been  too  liberal  in  deciding  upon  applications,  and  that 
it  would  be  proper  to  inaugurate  a  less  liberal  policy.  In  the  first 
place,  assuming  (which  is  rarely  the  case)  that  the  court  in  annul- 
ling the  patent  has  before  it  the  same  evidence  upon  which  the 
decision  of  the  examiner  was  made,  we  venture  to  assert  that,  in 
the  large  majority  of  such  cases,  the  examiner  was  right  and  the 
court  wrong.  Without  disparaging  the  qualifications  of  judges, 
appointed  to  the  bench  for  their  learning  and  experience  in  other 
branches  of  the  law,  to  deal  with  what  has  been  aptly  termed  the 
metaphysics  of  the  science,  we  would  maintain  with  great  confi- 
dence that  the  majority  of  the  examining  corps  are  better  qualified 
by  experience  and  educated  judgment  to  pass  upon  the  patenta- 
bility of  inventions  than  the  average  Federal  judge. 

That  this  is  not  a  rash  or  ill-considered  statement  must  be  evi- 
dent upon  refiection.  The  patent  examiners,  as  a  rule,  are  men 
of  scientific  attainments,  many  having  enjoyed  in  addition  a 
legal  education.     Each  one  has  been  devoted,  for  a  longer  or 
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shorter  time,  to  the  study  of  a  particular  art  or  class  of  invention, 
and  in  the  course  of  each  day  makes  more  decisions  upon  ques- 
tions of  patentability  than  will  ordinarily  be  presented  to  any  one 
judge  in  the  course  of  a  year.  On  the  other  hand,  the  judiciary 
18  composed  almost  entirely  of  lawyers  who  before  their  eleva- 
tion to  the  bench,  if  charged  with  similar  patent  cases  to  those 
they  are  then  called  upon  to  decide,  would  have  considered  them 
selves  incompetent  to  conduct  or  argue  them,  and  have  been 
obliged  to  employ  a  specialist  in  that  branch  of  the  law. 

Furthermore,  it  must  be  remembered  that  we  are  not  now 
considering  decisions  that  expound  the  meaning  of  the  statutes 
or  declare  legal  principles,  as  to  which,  the  voice  of  the  court  is 
the  only  authority  that  can  be  recognized.  The  question  whether, 
in  view  of  the  state  of  the  prior  art,  a  given  improvement  was 
an  inventive  act,  or  differed  from  mere  mechanical  skill,  is  a 
question  of  fa<;t^  which  in  all  trials  at  law,  is  decided  by  the 
twelve  men  whom  the  chance  of  lot  may  have  placed  in  the  jury 
box.  In  the  nature  of  things,  a  decision  that  a  particular  me- 
chanical expedient  or  departure  did  not  involve  invention,  can 
have  little  or  no  effect  or  value  beyond  the  settling  of  the  ques- 
tion for  that  particular  case.  For  example,  the  decision  that  to 
put  a  rubber  tip  on  the  end  of  a  lead  pencil  did  not  involve  in- 
vention, or  produce  a  patentable  article  (Reckendorfer  v.  Faber, 
92,  U.  S.)  gives  no  aid  in  determining  whether  it  was  an  inven- 
tive act  to  put  a  torsional  spring  on  a  telegraph  sounder,  there  to 
behave  in  the  manner  usual  with  torsional  springs.  If  the  first 
case  has  any  bearing  upon  the  second,  it  would,  of  course,  lead 
to  the  conclusion  that  the  latter  involved  no  patentable  change. 
Yet  the  Supreme  Court  held  otherwise  (Western  Electric  Co.,  v. 
La  Rue,  139,  U.  S.). 

Finally  I  would  ask  those  who  desire  to  find  and  follow  court 
precedent  in  the  class  of  cases  now  under  consideration,  to  re- 
member that  patents,  involving  changes  apparently  as  slight  as 
any  that  ever  issued  from  the  Patent  OflSce,  have  been  sustained 
by  courts  and  judges  of  the  highest  reputation  and  authority,  so 
that,  if  precedent  be  sought,  it  can  be  found  in  abundance  and 
to  the  liking  of  the  seeker.  The  example  given  above  is  a  suffi- 
cient illustratiou. 

In  drawing  deductions  from  decided  cases,  however,  it  should, 
in  justice  both  to  the  judges  and  to  the  examiners  be  said  that  in 
the  case  of  most  of  the  patents  which  have  been  found  invalid  by 
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the  former,  new  evidence  not  accessible  to,  or  perhaps  overlooked 
by  the  latter,-  has  been  presented  ;  so  that  in  but  a  small  number 
of  cases  can  it  be  said  that  the  decision  of  the  examiner  has  been 
reversed  by  the  court.  The  [conclusion,  therefore,  is  that 
decisions  of  this  sort  constitute  no  reflection  upon  the  work  or 
judgment  of  the  Patent  Office  and  no  justification  for  any  change 
of  policy  in  the  direction  indicated. 

But  admitting  the  full  force  of  the  fact  that  certain  examiners, 
in  certain  instances,  have  erred  on  the  side  of  excess  of  liberality, 
what  are  the  consequent  evils  ds  compeared  with  those  of  errors 
in  tlie  other  direction  ?  The  grant  of  a  patent  is,  in  ninety-nine 
cases  out  of  a  hundred,  an  act  without  any  consequences  what- 
ever. But  so  potent  for  good  is  the  hundredth  invention — ^the 
one  that  contains  the  germ  of  vitality  and  usefulness — to  such 
an  extent  does  it  stimulate  the  exertions  of  other  inventors  that  it 
more  than  pays  for  all  the  failures.  The  chances,  then,  of  issu- 
ing one  patent  too  many,  are  infinitely  small  as  compared  with 
the  chances  of  prematurely  stifling  and  suppressing  what  might 
be  productive  of  benefit ;  so  that  the  greatest  care  in  conducting 
the  work  of  the  Patent  Office  is  needed  to  guard  against  actions 
which  both  work  injustice  to  meritorious  inventors,  and  at  the 
same  time  injure  the  public  by  depriving  them  of  the  advantage 
which  inevitably  accrues  from  the  grant  of  a  patent  for  a  useful 
novelty,  however  trivial. 

As  to  the  ultimate  career  of  an  invention,  the  judgment  of  the 
most  experienced  persons  is  ordinarily  worthless.  Frequently  it 
is  the  things  that  promised  least,  from  which  the  best  results  have 
followed,  and  vice  versa.  It  appears  strange  at  first,  and  yet  en- 
tirely explicable  upon  reflection,  that  the  novelties  which  contain 
the  greatest  amount  of  "invention"  and  ingenuity  are  often  of 
the  least  practical  benefit.  Machines  which  are  marvelous  pro- 
ducts of  inventive  skill,  and  full  of  the  most  intricate  and  com- 
plex mechanism,  for  which  a  patent  will  be  granted  with 
enthusiasm,  become  frequently  but  curious  exhibits  of  misdirected 
inventive  imagination;  while  on  the  other  hand  the  inventor 
who  aims  to  effect  but  a  slight  departure  or  simplification  of 
what  already  exists  \&  the  one  who  really  benefits  himself  and  the 
community.  It  is  by  the  accumulation  of  small  changes  of  this 
nature  that  the  industrial  arts  advance,  step  by  step,  in  ever-in- 
creasing usefulness. 

It  is  in  partial  appreciation  and  recognition  of  this  fact  that  the 
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accepted  policy  of  the  Patent  Office  has  heretofore  been  to  give 
the  inventor  the  benefit  of  the  doubt  in  marginal  and  doubtful 
cases.  Experience  shows  this  to  be  the  safe  and  wise  policy. 
The  examiner  who  knows  something  of  the  history  of  patentable 
inventions  will,  in  cases  like  this,  be  influenced  by  the  considera- 
tion that  the  resvlts  of  the  grant  alone  can  determine  whether 
the  device  in  question  has  the  quality  of  invention  or  not ;  that 
if  it  have  that  quality  the  inventor  deserves  his  patent,  and  that 
if  it  lacks  it,  no  material  harm  can  result  from  its  grant.  He 
will  also  be  influenced  by  the  consideration  that  the  grant  confers 
after  all  only  a  pri/ma  facie  right ;  and  in  proportion  as  the  courts 
are  the  more  ready  to  try  anew,  without  regard  to  the  decision 
of  the  examiner,  the  question  of  patentability,  the  more  freely 
will  the  latter  exercise  his  discretion  in  doubtful  cases. 

But  we  have  of  late  heard  the  reverse  of  this  policy  termed 
"  giving  the  benefit  of  the  doubt  to  the  publicP  This  expres- 
sion thinly  conceals  the  fallacious  idea  that,  in  rejecting  a  patent 
for  a  new  but  slight  improvement,  it  is  thereby  given  to  the 
public.  Nothing  could  be  more  delusive  or  contrary  to  actual 
experience.  It  is  the  grant  of  the  patent,  not  its  refusal^  that 
gives  the  invention,  great  or  small,  to  the  public ;  and  even  the 
grant  is  but  a  step  in  that  direction.  After  that,  it  requires  the 
utmost  persistence,  the  most  favorable  conditions,  the  enlistment 
of  capital  and  enterprise,  to  make  the  blind  and  heedless  public 
see  that  the  change  will  be  beneficial,  and  to  force  the  stolid  and 
reluctant  public  to  adopt  it.  The  notion  that  an  improvement 
comes  into  possession  of  the  public  when  the  discriminating  ex- 
aminer had  decided  that  it  is  too  trivial  for  a  patent,  is  one  that 
cannot  exist  in  any  mind  after  a  most  superficial  consideration  of 
the  facts.  The  very  contrary  is  the  case,  namely,  that  the  most 
effectual  way  to  prevent  its  ever  coming  into  the  possession  of 
the  public  is  to  thwart  the  inventor's  efforts  to  secure  a  patent 
for  it. 

Take  any  case  of  actual  occurrence  that  will  illustrate  the 
point,  as,  for  example,  Butler  v.  Steckel  (137  U.  S.,  21),  which 
involved  an  improvement  consisting  simply  in  producing,  by 
mAtchinery^  a  bretzel  having  the  appearance  of  a  hand-made 
bretzel.  For  some  reason,  there  is  a  prejudice  on  the  part  of 
those  who  are  partial  to  that  delicacy,  in  favor  of  the  looks  of  a 
hand-made  bretzel ;  and  the  inventor  in  this  case  had  the  idea  of 
satisfying  that  prejudice  and  yet  effecting  the  great  economy  of 
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machine  production.  The  Supreme  Court,  which  has  also  judici- 
ally decided  (McLean  v.  Ortmayer,  141  U.  S.,  419),  that  *'  inven- 
tion "  can7wt  he  defined  so  as  to  determine  in  any  given  case 
whether  the  "  inventive  faculty  ''  has  been  exercised  or  not,  de- 
cided that  there  was  no  '*  invention  "  in  making  a  mould  to 
produce  an  apparently  hand-made  bretzel. 

We  may  assume  that  the  Supreme  Court,  while  not  knowing 
what  "  the  inventive  faculty  is,"  but  indeed  declaring  it  to  be 
unknowable,  yet  is  gifted  with  some  means  of  knowing  when  it 
has  been  exercised,  and  was  right  in  this  case,  and  consequently 
that  the  examiner  who  granted  the  patent  was  wrong.  The 
question  that  concerns  us  is,  what  consequences  resulted  from  liis 
action  in  granting  the  patent  i  It  is  easy  to  see  that  the  results 
of  this  error  of  judgment,  if  it  were  one,  were  distinctly  bene- 
ficial. The  grant  and  publication  of  the  patent  made  the  im- 
provement known,  and  stimulated  the  patentee  and  his  associates 
to  introduce  it  to  the  public  and  demonstrate  its  merits.  These 
were  recognized,  so  far  as  to  encourage  others  to  take  up  the 
manufacture,  thus  accomplishing  the  great  purpose  of  the  patent 
law  in  spreading  the  benefits  of  the  improvement,  and  inciden- 
tally bringing  about  a  suit  for  infringement.  Then,  the  case  com- 
ing before  the  Supreme  Court  for  application  of  the  divining 
rod,  or  intuitive  faculty,  or  whatever  means  that  august  tribunal 
employs  to  detect  the  presence  or  absence  of  ''  invention,"  the 
subtle  quality  was  not  perceived,  the  patent  was  declared  void, 
and  the  whole  matter — fully  develo])ed  to  the  manufacturing 
stage,  thanks  to  the  examiner — was  thrown  into  the  public  do- 
main. 

This  is,  and  must  be,  the  result  in  every  similar  case ;  and  it  is 
quite  safe  to  say  that  if  the  examiner  had  assumed  to  pronounce 
that  the  "inventive  faculty"  had  not  been  exercised  in  this  mat- 
ter, the  public  would  never  have  known  anything  about  it,  and  a 
useful  idea,  even  if  not  a  patentable  one  in  the  opinion  of  the 
judges  who  decided  the  case,  would  have  been  strangled  in  its 
incipiency. 

If,  therefore,  the  judges  have  sometimes  differed  from  the  ex- 
aminers as  to  what  constitutes  a  patentable  invention,  I  can  see 
in  that,  no  reason  for  hesitation  in  the  granting  of  patents  for 
fear  the  courts  may  find  an  occasion  for  such  difference  of  opinion. 
The  chances  are  that  the  judges  were  mistaken  in  many  of  these 
cases ;  and  if  they  have  corrected  errors  in  others,  they  have  sim- 
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ply  discharged  one  of  the  purposes  for  which  courts  are  estab- 
lished, and  were  certainly,  with  the  evidence  on  both  sides  before 
them,  in  a  better  position  to  pass  the  final  judgment  than  the 
examiner  could  be. 

Let  the  Patent  Office,  then,  pursue  its  course  courageously, 
leaving  to  the  courts  their  proper  functions,  and  not  risking,  in 
the  attempt  to  avoid  a  harmless  error,  the  perpetration  of  a  cruel 
injustice  to  the  individual  and  a  serious  damage  to  the  public. 

Why  refuse  a  patent  because  the  invention  is  a  " little"  one? 
Why  take  away  from  the  humble  inventor  his  small  invention 
on  the  ground  that  it  is  so  trivial  that  the  public  ought  to  have  it 
gratis,  especially  when  it  is  thereby  buried  in  the  musty  pigeon- 
holes of  the  Patent  Office  beyond  the  influence  even  of  the  res- 
urrection trump  ?  Why  not  give  him  the  "  little  "  patent  that 
he  seeks  for  his  "  little  "  invention,  and  encourage  him  to  cultivate 
and  tend  and  promote  his  idea,  on  the  chance  that  it  may  be 
nurtured  into  something  useful  to  mankind,  even  in  a  "small ' 
degree  ?  The  Patent  Office  need  not  fear  the  consequences  of 
making  a  mistake  in  so  doing,  for  there  is  every  ground  for 
assurance,  that  if  the  inventor  succeeds  commercially,  the  court 
will  be  ready  enough  to  take  away  his  patent  if  the  invention  has 
not  the  magnitude  to  bring  it  within  the  mental  perception  of  the 
judge  who  tries  the  case. 

After  all,  the  patent  has  but  the  dimensions  of  the  invention 
which  it  covers.  If  they  be  limited,  the  patent  is  correspondingly 
narrow.  Therefore,  the  Commissioner  and  his  examiners  are  not 
called  upon  to  exercise  the  same  discrimination  as  if  a  patent 
were  an  award  or  premium  of  definite  value,  only  to  be  granted 
when  an  invention  is  found  to  posses  a  certain  degree  of 
excellence. 

But  I  cannot  turn  from  the  discussion  of  the  relations  between 
the  courts  and  the  Patent  Office,  without  briefly  referring  to  the 
other  side  of  the  subject,  and  endeavoring  to  point  out  where 
the  real  damage  has  been  inflicted,  and  where  the  real  danger  lies. 

The  trend  of  judicial  decisions  furnishes  no  occasion  to  narrow 
the  field  of  patentable  invention  and  of  inventive  enterprise.  On 
the  other  hand,  there  is  every  reason  to  broaden  the  spirit  in 
which  the  laws  are  administered  in  the  Patent  Office. 

The  wrong  that  has  been  done  in  adherence  to  the  policy  of 
trimming  down  each  patent  to  the  narrowest  dimensions,  is  incal- 
culable.    The  courts,  while  ever  ready  to  restrict  patents  by  the 
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state  of  the  prior  art,  never  broaden  them  by  interpretation  be- 
yond the  language  of  the  claims,  which  bind  the  patentee,  but  not 
the  infringer,  nor  anyone  else.  There  was  a  time  when  correction 
of  mistakes  by  enlargement  of  claims  unduly  limited,  was  per- 
mitted through  reissue  of  the  patent  on  the  payment  of  another 
tax,  and  when  the  refusal  of  this  privilege,  even  without  an 
express  statute,  was  denounced  by  the  great  Chief-Justice 
Marshall  as  an  act  that  would  be  '*  disreputable  in  an  individual " 
and  which  "  a  court  of  equity  might  interpose  to  restrain  "  (Grant 
V.  Raymond,  6  Peters).  But  the  "  courts  of  equity  "  have  since 
swept  that  privilege  away,  and  the  inventor's  only  chance  now  is,, 
with  perhaps  incompetent  solicitors,  and  in  the  face  of  an  alert 
and  often  hostile  examiner,  to  secure  claims  sufficiently  broad  in 
the  first  instance. 

If  we  ask  where  a  material  injury  has  been  done  by  an  excess, 
of  liberality  in  the  decision  of  an  examiner,  it  would  be  difficult 
to  find  an  instance.  If  we  ask  in  how  many  cases  have  patents; 
for  meritorious  inventions  failed,  because  of  the  persistent  and. 
successful  efforts  of  examiners  to  narrow  the  terms  of  the 
claims,  it  would  be  impossible  to  determine  the  enormous  total. 

The  catalogue  of  the  reissue  decisions  contains  the  history  of 
grievous  wrongs  and  injustice,  due  in  many  instances  to  the  in- 
ability of  the  inventor,  through  lack  of  means  or  of  competent 
solicitors,  to  combat  successfully  the  opposition  of  an  examiner. 

The  grant  of  a  patent  to  an  applicant  for  more,  or  other  than 
he  can  sustain  before  the  courts  profits  him  nothing,  and  deprive8> 
the  community  of  no  right.  The  failure  of  any  inventor,  who^ 
has  communicated  to  the  public  his  discovery,  of  whatever  magni- 
tude, to  secure  a  grant  to  the  full  extent  of  his  right,  is  occasion 
for  profound  concern,  against  which  the  officials  of  the  Patent 
Bureau  should  be  constantly  on  the  alert.  This  part  of  an  ex- 
aminer's duty  we  have  reason  to  think,  is  one  that  sits  lightly 
upon  his  mind;  and  the  exercise  of  official  vigilance  to  which  we* 
are  most  accustomed  has  quite  a  different  motive  and  object. 
Theoretically,  the  obligation  above  referred  to  is  uniformly  rec- 
ognized. Practically,  the  examiner's  duty  is  usually  discharged 
to  his  entire  satisfaction  when  he  has  made  a  rejection. 

If,  by  the  exercise  of  unusual  watchfulness  and  careful  scru- 
tiny, the  issue  of  a  few  hundred  worthless  patents  be  arrested,  the- 
result  may  be  creditable  to  the  administration,  but  can  hardly  be 
regarded  with  satisfaction  for  any  practical  benefit  accomplished.. 
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The  discovery  and  remedy  of  a  single  case  of  injustice,  where 
the  inventor  has  paid,  perhaps,  his  last  dollar  for  the  preliminary 
fees,  and  is  helpless  to  contest  the  too  ready  letter  of  rejection, 
would  afford,  to  my  mind,  a  far  better  basis  for  a  claim  upon 
public  gratitude ;  and  who  can  dispute  that  the  opportunities  for 
the  head  of  the  Patent  Office,  are  much  richer  in  this  direction 
than  in  the  other  ? 

I  have  noted  with  much  concern  the  growing  disposition  of 
the  patent  examiners  to  follow  the  lead  of  some  of  the  Federal 
judges  in  rejecting  applications,  where  novelty  was  conceded, 
on  the  ground  that  there  was  *'  no  invention  in  doing  this  in 
view  of  that,"  or  as  sometimes  expressed,  because  the  matter 
"  does  not  involve  the  exercise  of  the  inventive  faculty."  This 
tendency  has  developed  quite  recently  to  an  alarming  extent,  and 
being  a  serious  matter,  which  hitherto  has  received  but  scant 
attention  on  the  part  of  those  whose  interests  are  involved,  it 
may  not  be  amiss  to  devote  a  brief  time  to  its  consideration. 

If,  in  addition  to  the  exhaustive  and  fatiguing  labors  of  novelty 
searches,  the  thirty-six  examiners  are  to  determine,  in  the  caae  of 
every  novelty  submitted  to  them,  whether  the  new  thing  specifi- 
cally pointed  out  and  distinctly  claimed,  is  an  "  invention "  or 
not,  it  is  manifestly  necessary  that  they  should  be  provided  with 
a  clear  and  comprehensive  definition  of  what  an  "  invention  "  is, 
and  that  each  and  every  examiner  should  recognize  the  same 
definition.  The  authorities  do  not,  and  confessedly  cannot,  fur- 
nish such  a  definition.  Professor  Robinson  (than  whom  there  is 
probably  no  person  more  competent  to  frame  the  needed  defini- 
tion in  words)  in  his  exhaustive  work  on  patents,  defines  inven- 
tion '^  as  the  result  of  an  inventive  act,"  which  does  not  assist 
me  personally  to  a  conclusion  which  I  much  desire  to  reach. 
The  Supreme  Court,  as  we  have  seen,  declares  that  invention  is 
indefinable,  and  surely  it  is  not  profitable  to  search  further. 

We  all  know,  moreover,  if  we  have  reflected  at  all  on  the 
subject,  that  whether  the  "inventive  faculty"  has  been  exer- 
cised in  any  case,  is  a  question  that  lies  outside  the  perceptive 
faculties  and  beyond  the  investigation  of  the  reasoning  powers 
of  mankind.  Now  the  law  manifestly  did  not  intend  to  charge 
the  Commissioner  of  Patents  with  the  duty  of  granting  an  ex- 
clusive franchise  whenever  he  should  find  a  thing  which  is  im- 
possible to  define,  and  which  he  could  not  recognize  if  presented 
to  him.     It  charges  him  with  the  duty  of  investigating  questions 
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of  novdty  and  utility^  chiefly  the  former,  and  gives  him  the 
means  whereby  he  can  discharge  that  duty  efifectively,  and  to  the 
public  benefit.  But  what  is  "  invention  ? "  Who  has  ever  seen 
**  inventive  faculty  "  at  work,  and  by  what  signs  can  we  distin- 
guish its  product  from  that  of  "ordinary  mechanical  skill?" 
There  are  no  answers  to  these  questions.  There  is  no  diflference 
in  kind  between  the  one  class  of  results  and  the  other,  and  the 
dividing  line  will  never  be  drawn.  The  Supreme  Court  has  ex- 
pressly and  repeatedly  declared  that —  "The  patent  ih prima 
facie  evidence  both  of  no'Velty  and  utility. ^^  (Lehnbenter  v. 
Holthaus,  106,  U.  S.)  Gandy  v.  Main  Belting  Co.,  143,  U.  S. 
Western  Electric  Co.  v.  La  Eue,  139,  U.  S.  These  are  some  of 
the  most  recent  decisions  of  that  court,  and  as  the  proposition  is 
purely  one  of  law,  it  applies  equally  to  all  cases.  We  find  here 
a  recognition  of  the  duty  of  the  Commissioner  under  the  law, 
to  investigate  and  decide  the  novelty  and  utility  of  the  improve- 
ments in  arts,  machines,  manufactures  and  compositions  of  mat- 
ter, for  which  patents  may  be  sought ;  but  I  am  not  aware  of  any 
decision  declaring  or  implying  that  the  Commissioner  is  called 
upon  to  decide  in  any  case  whether  "  the  inventive  faculty  "  has 
been  exercised  or  not,  and  it  is  impossible  to  suggest  any  reason 
why  the  Patent  Office  should  assume  so  onerous  a  duty. 

In  making  investigations  and  advising  applicants  of  the  results 
of  such  investigations,  to  the  end  that  they  may  not  through 
ignorance  claim  things  that  are  really  old,  or  already  patented  to 
others,  and  for  want  of  such  information  be  led  to  difficulties  and 
loss,  the  Patent  Office  is  performing  a  magnificent  service  to  the 
country.  For  that  service  it  is  equipped  with  facilities  and  with 
a  trained  corps  of  experts,  the  like  of  which  exists  nowhere  else 
in  the  world.  It  is  in  this  respect  that  our  patent  system  is  in- 
comparably superior  to  any  other.  To  what  end  are  these 
elaborate  investigations  made,  and  for  what  reason  are  they 
beneficial  to  the  public  ?  He  who  supposes  that  the  main  object  and 
beneficial  result  is  to  suppress  in  defence  of  public  interests  the 
issue  of  patents  that  could  not  be  sustained,  is  surely  in  grievous 
error.  That  sach  is  not  the  case  is  proved  by  the  workings  of  the 
English  patent  system  for  over  a  hundred  years,  and  by  the 
practice  of  every  country  of  Europe  where,  with  the  exception 
fo  Geraiany,  patents  are  granted  without  any  investigation  what- 
ever. Nothing  but  actual  or  wilful  blindness  can  prevent 
recognition  of  the  fact  that,  to  arrest  the  grant  of  a  doubtful 
claim,  for  fear  the  patentee  might  in  some  way  use  it  unjustly  or 
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mischievously,  is  the  least  of  all  the  purposes  which  the  Patent 
Office  is  expected  to  fulfil.  No,  the  object  and  the  merit  of  the 
examining  system  is,  that  it  advises  inventors  of  the  state  of  the 
art^  and  thus  prevents  them,  not  from  imposing  upon  the  public, 
but  from  deluding  and  injuring  themsel/oes.  If,  with  the  results 
of  the  examiner^s  researches  before  him,  and  with  but  a  slender 
margin  of  novelty  remaining,  the  applicant  assumes  the  risk  of 
a  favorable  judgment  by  the  courts,  and  is  willing  to  pay  the 
required  fee  for  a  patent  of  doubtful  value,  I  can  conceive  of  no 
possible  reason  why  the  Commissioner  of  Patents  should  interpose 
objection.  So  far  as  I  can  see,  after  the  best  consideration  I  am 
able  to  give  to  the  matter,  the  only  question  involved  is  a  fiscal 
one  ;  and  while  it  would  often,  in  such  a  case,  be  a  friendly  act 
to  the  inventor  to  prevent  his  paying  twenty  dollars  into  the 
treasury  of  the  United  States,  that  is  surely  his  affair. 

If  then,  there  ought  to  be  a  general  rule  in  such  cases,  as  I 
think  is  manifest,  why  would  not  the  best  rule  be,  to  give  the  in- 
ventor in  every  case  where  he  is  willing  to  pay  for  it,  a  patent  to 
the  extent  of  the  novelty  of  this  improvement  ?  This  is  an  im- 
portant question,  and  if  there  be  any  reasons  why  such  a  rule  as 
this  should  not  be  established,  I  should  be  glad  to  hear  and 
consider  them.  Of  all  that  could  be  urged  in  favor  of  it,  I  will 
here  suggest  but  one  thing  more;  namely,  the  intelligibility  and  ease 
of  application  of  the  rule.  Of  late  years  the  efficiency  of  our 
Patent  Office  has  been  at  a  minimum,  because  of  the  enormous 
accumulations  of  work,  and  the  unreasonable  time  that  must  elapse 
between  the  application  and  the  grant  of  the  patent.  Ko 
one,  who  has  ever  had  business  before  that  office,  need  be  told  of 
the  prodigious  waste  of  time  consumed  between  examiners  and 
solicitors  in  the  hopeless  and  unprofitable  discussion  of  what  is, 
or  what  is  not  an  "inventive  act."  The  disputants  in  such  cases 
must  be  aware  that  they  do  not  know,  and  never  can  know  the 
truth  of  the  matter ;  and  surely  it  would  seem  that  the  time  con- 
sumed in  searching  for  and  citing  inappropriate  decisions,  which 
serve  only  to  cloud  a  subject  already  hopelessly  obscure,  conld 
more  profitably  be  employed  in  those  searches  for  novelty  for 
which  the  office  was  created,  and  for  which,  out  of  the  pockets  of 
inventors  the  Commissioner  and  examiners  are  paid. 

Finally,  not  only  are  examiners  (being  but  human)  incapable 
of  deciding  whether  a  departure  involves  "invention"  in  the 
metaphysical  sense,  but  manifestly  it  is  particularly  unfair  to  re- 
ject on  this  ground  an  application  for  a  novel  improvement,  how- 
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ever  seemingly  trivial ;  because  to  decide  that  question  at  the 
stage  of  development  which  an  invention  has  reached  while  yet 
under  examination  in  the  Patent  Office  involves  prejudgment. 
When  the  court  decides  this  question,  it  looks  and  gives  heed  to 
the  results  that  have  followed  from  the  alleged  invention  and 
patent.  This  is  but  the  application  of  the  maxim  of  divine 
wisdom  that  a  tree  shall  be  known  by  its  fruits.  But  to  pass 
upon  this  question  in  the  Patent  Office,  requires  the  examiner  to 
judge  by  the  fruits  before  the  tree  has  sprouted,  and  to  do  that 
he  must  have,  in  addition  to  the  gift  of  second-sight,  that  of 
prophecy.  No  one,  I  think,  will  dispute  that  this  is  too  much  to 
ask  of  a  body  of  hard  working  and  faithful  public  servants, 
particularly  at  the  rate  of  compensation  now  fixed  by  law. 

I  submit  then  to  my  associates  in  this  Institute,  whose  mem- 
bers are  working  in  a  field  where,  of  all  others,  it  is  most  difficult 
to  predict  the  results  of  trifling  departures  from  established 
practice,  and  to  whom,  therefore,  the  questions  that  I  have  so 
inadequately  discussed  are  of  the  deepest  interest,  that  the 
Patent  Office  can  best  justify  the  wisdom  of  its  founders,  and 
best  promote  the  welfare  of  the  whole  people,  by  adhering  to 
the  rule  of  granting  to  every  applicant  a  patent  for  all  that  is, 
or  appears  to  be,  novel  in  his  particular  improvement.  If  my 
conclusions  be  sound,  and  my  reasons  have  anything  like  the 
force  that  I  suppose,  there  is  clearly  room  for  a  beneficial  change 
in  the  policy  of  the  Patent  Office,  but  it  does  not  lie  in  the 
direction  which  at  this  time  it  appears  to  be  taking. 

Discussion. 

The  Secretary  read  the  following  communications  from  Messrs. 
Vansize  and  Thompson : 

Mr.  W.  B.  Vansjze  : — The  matter  called  to  our  attention  by 
Mr.  Mauro  is  of  great  importance.  I  understand  that  the  pres- 
ent administration  of  the  Patent  Office  is  enforcing  a  policy 
which  is  undoubtedly  novel.  Our  patent  laws  and  the  practice 
of  the  Patent  Office  have  heretofore  been  regarded  as  liberal,  just, 
generally  satisfactory,  and  fully  within  the  scope  and  spirit  of 
constitutional  authority.  It  seems  that  the  novel  policv  recently 
inaugurated  embodies  a  general  rule  of  action  to  be  followed  by 
the  various  departments  of  the  Patent  Office,  according  to  whicn 
an  invention  or  improvement  fully  described  and  properly 
claimed,  shall  be  rejected  and  a  patent  refused  whenever  the 
means  sought  to  be  patented  is  deemed  to  have  been  attained 
without  the  exercise  of  the  inventive  faculty,  or  when  by  com- 
parison with  the  state  of  the  particular  art  the  examiner  is  of 
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the  opinion  that  no  "  invention"  was  involved  in  its  production. 
This  is  equivalent  to  determining  that  if  the  particular  examiner 
or  department  in  question  were  called  upon  to  supply  a  certain 
means  to  attain  a  certain  end  he  would  immediately,  upon  read- 
ing the  prior  patents  or  publications,  supply  the  demand  with  the 
arrangement  of  apparatus  described  and  claimed  by  the  appli- 
cant for  a  patent.  Of  course  this  conclusion  would  differ  with 
the  different  examiners.  We  cannot  reasonably  accuse  each  and 
every  one  of  the  thirty-six  examiners  of  having  this  high  de- 
gree of  intelligence  and  technical  skill.  It  would  seem  very 
natural  and  very  equitable  that  in  case  of  doubt  in  the  mind  of 
the  examiner,  such  doubt  would  be  resolved  in  favor  of  the  ap- 
plicant, and  that  the  application  would  be  allowed,  but  I  under- 
stand from  Mr.  Mauro,  and  it  is  my  observation  from  my  own 
recent  practice,  that  the  reverse  is  the  case. 

It  it  very  difficult  for  me  to  see  why  this  should  be  so ;  it  cer- 
tainly is  not  in  harmony  with  the  practice  of  courts  of  equity 
when  called  upon  to  pass  upon  the  validity  of  a  patent  in  dis- 
pute. The  courts  are,  and  always  have  been,  controlled  by  the 
doctrine  that  "  A  patent  should  be  construed  in  a  liberal  spirit 

"  to  sustain  the  just  claims  of  the  inventor Liberality, 

*'  rather  than  strictness,  should  prevail  where  the  fate  of  tne 
"  patent  is  involved,  and  the  question  to  be  decided  is  whether 
*'  the  inventor  shall  hold  or  lose  the  fruits  of  his  genius  and  his 
*'  labors."  (Kubber  Company  vs.  Goodyear,  9  'Wallace,  788  ) 
"  Patents  for  inventions  are  to  receive  a  liberal  construction, 
**  and  under  the  fair  application  of  the  rule,  ut  res  magis  val'eat 
^'  qucmi  pereaiy  are,  if  practicable,  to  be  so  interpreted  as  to  up- 
"  nold,  and  not  to  destroy  the  right  of  the  inventor."  (Turrill  vs, 
*' Railway  Co.,  1  Wallace,  491.) 

Those  are  the  declarations  of  the  Supreme  Court  of  the 
United  States  relative  to  the  construction  of  patents.  Keasoning 
upon  that  doctrine  controlling  the  treatment  of  patents,  it  would 
seem  that  the  same  doctrine  snould  control  the  Patent  Office  in 
dealing  with  an  invention  upon  which  a  patent  is  asked  to  be 
issued.  The  Patent  Office  is  bound  and  controlled  by  the  de- 
cisions of  the  courts  upon  any  contested  question.  Why  is  it  not 
bound  and  controlled  in  cases  where  the  practice  is  so  clearly 
parallel  and  coincident  \ 

The  novel  policy  of  the  Patent  Office  will  often  operate  to 
"  destrov  the  right  of  the  inventor,"  and  cuts  off  all  chance  for 
the  application  of  any  such  liberal  rule  unless  you  choose  to  in- 
cur the  expense  of  going  to  the  court  to  secure  the  grant  of  your 
patent.  This  puts  the  Patent  Office  in  the  position  of  obstruct- 
ing rather  than  encouraging  advancement  in  the  useful  arts.  I 
gather  from  Mr.  Mauro's  remarks  that  the  Patent  Office  has  been 
moved  to  initiate  its  novel  policy  by  reason  of  the  fact  that 
several  patents  have  recently  been  found  by  the  courts  to  be  void 
for  want  of  invention.     This  causes  us,  naturally,  to  inquire: 
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Would  it  not  be  better  policy  and  better  practice  for  the  Patent 
Office  to  follow  the  very  liberal  doctrine  declared  by  the  Supreme 
Court  in  pursuance  of  which  an  inventor  might  secure  his  patent 
rights,  and  this,  even  in  cases  where  there  existed  reasonable 
doubt  on  the  so-called  question  of  "invention"?  In  this  case 
the  possible  error  of  the  Patent  Office  could  be  rectified  in  the 
courts.  If  you  deny  a  patent,  yon  cut  off  all  chance  which  the 
inventor  might  have  of  securing  suitable  protection  and  remune- 
ration for  his  possibly  meritorious  invention.  You  condemn  his 
invention  and  you  deny  that  you  may  in  error.  Our  papal  friend 
in  Rome  cannot  exceea  that  doctrine.  In  my  humble  opinion, 
if  change  is  desirable,  it  would  be  far  better  to  abolish  all  exami- 
nation as  to  merits,  and  grant  a  patent  to  any  applicant  upon 
payment  of  the  proper  fees.  That  is  the  English  custom,  and  it 
certainly  avoids  the  rank  injustice  into  which  this  novel  policy  is 
forcing  us. 

Of  course,  I  am  cognizant  of  the  fact  that  you  can  appeal 
from  the  primary  examiner  to  the  Board  of  Examiners,  and  fail- 
ing in  the  Patent  Office  apply  to  the  court.  This  is  very  expen- 
sive in  time  and  money.  Why  not  grant  a  patent  in  the  first 
instance  and  then  go  to  the  court  and  test  any  doubtful  ques- 
tions^ It  is  certaiiily  more  satisfactory  and  less  liable  to  result 
in  that  loss  and  injustice  likely  to  occur  in  many  cases  fn»m  the 
denial  of  adequate  protection  to  meritorious  inventions  should 
the  novel  policy  be  insisted  upon. 

Mr.  Edward  P.  Thompson  : — What  the  author  terms  a  rumor 
as  to  rejection  of  applications  for  want  of  exercise  of  the  inven- 
tive faculty  and  for  giving  the  doubt  of  patentability  to  the 
t)ublic,  is  more  than  a  rumor,  as  I  can  testify  that  comparatively 
ately  I  have  had  more  applications  rejected  for  alleged  want  of 
invention  than  formerly.  The  examiners  do  not  deny  novelty 
but  declare  lack  of  invention,  in  more  cases  than  formerly.  This 
is  my  experience.  I  agree  with  Mr.  Mauro  that  this  policy  is  not 
for  the  public  benefit. 

While  I  have  had  applications  freely  rejected  upon  the  ground 
of  want  of  exercise  oi  inventive  faculty,  I  can  compliment  the 
examiners  upon  their  fairness  in  reversing  their  decision  upon  a 
proper  showing  and  argument.  In  general,  I  argue  that,  inde- 
pendently of  the  decisions  of  the  courts,  independently  of  the 
commissioners'  decisions  and  many  other  authorities  and  cases, 
the  United  States  patent  statute  4,886,  shows  very  clearly  what 
the  examiner's  duty  is.  Let  us  learn  the  exact  wording.  It 
states  that :  *^  Any  person  who  has  invented  or  discovered  any 
"  new  and  useful  art,  machine,  manufacture  or  composition  of 
"  matter,  or  any  new  and  useful  improvement  thereof  may  ob- 
"  tain  a  patent  therefor."  The  statute  states  other  matters  as 
to  foreign  patents,  public  use,  etc.,  which  have  no  relevancy  here. 

That  which  is  new  and  useful  is  an  invention.  As  soon  as  the 
Patent  Office,  United  States  courts,  and  other  authorities  will 
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take  this  statute  as  their  guide,  they  will  find  nothing  whatever 
as  to  exercise  of  inventive  faculty. 

In  no  other  department  of  law  would  the  merits  of  a  case  be 
decided  except  upon  facts,  especially  when  facts  exist.  The  two 
facts  to  be  set  forth  are  novelty  and  utility,  which  if  existing 
prove  invention.  The  degree  of  novelty  can  be  determined  and 
admitted  by  the  examiner.  The  degree  of  utility  can  be  known 
by  affidavits  and  more  accurately  only  after  the  invention  has 
been  used  by  the  public.  Let  novelty  and  utility  determine  pat- 
entability. 

Mk.  Theodor  J.  W.  Olan  : — I  have  lately  had  some  experi- 
ence >vith  reference  to  the  Patent  Office,  and  the  practice  of  di- 
viding up  patents,  in  the  way  examiners  have  tried  to  do  it,  has 
been  especially  pressed  upon  my  attention.  I  lately  had  an  ap- 
pUcation  in  for  one  patent — I  snpposed  it  was  one — but  the  first 
commnnication  I  had  from  the  examiner  informed  me  that  I  had 
twelve  inventions  there  instead  of  one,  and  he  wanted  me  to  di- 
vide it  up  into  twelve  applications.  He  said  that  the  different 
parts  of  this  invention  had  alreadj'  entered  into  the  art  as  sub- 
jects for  different  inventions,  and  it  was  unreasonable  to  expect 
that  the  Patent  Office  would  grant  a  single  patent  on  so  many  in- 
ventions. I  could  not  find  that  tliis  examiner's  view  was  sustained 
by  the  law,  so  I  wrote  a  letter  in  which  I  told  him  that  I  failed 
to  find  any  section  of  the  patent  law,  or  any  section  of  the  rules  of 
practice  of  the  Patent  Office,  which  would  allow  him  to  take  such  a 
view  of  the  matter.  I  asked  him :  "  What  could  not  be  said  to  have 
entered  into  the  arts  as  subjects  for  different  inventions.".  "  If," 
said  I,  "one  inventor  whose  inventive  capacity  should  turn 
'*  around  a  head  of  a  pin,  should  ask  that  a  patent  be  granted  to  him 
"  for  a  certain  form  thereof  which  he  thought  useful  for  one 
"  purpose  or  another,  should  now  another  inventor,  therefore,  be 
"  obliged  to  file  his  application  for  another  patent  relating  to  a 
"complete  pin  in  two  different  applications  r'  I  said  that  I 
thought  there  was  no  other  way  than  this  to  find  out  which  was 
an  independent  part  in  a  patent  case  :  namely  to  see  if  for  any 
special  part  of  an  invention  a  special  and  independent  patent 
could  be  granted  without  injury  to  the  entire  invention.  That 
is  to  say,  that  the  different  patents  which  might  have  been  issued 
for  different  parts,  could,  without  injury  to  any  of  those  parts  or 
without  injury  to  the  whole  invention,  come  into  the  hands 
of  different  contesting  owners.  I  said  that  if  they  could  not 
do  that,  then  that  was  a  proof  that  the  paints  in  question  were  not 
separate  inventions  and  that  the  inventor  could  not  be  called 
upon  to  file  so  many  applications  for  what  he  thought  was  one 
single  thing.  I  then  received  an  answer  from  the  examiner. 
He  said  that  he  maintained  his  views,  but  that  he  made  it  three 
instead  of  twelve.  I  said  again  that  in  order  to  remove  this  ob- 
struction, I  will  cut  away  the  claims  he  had  asked  for  under  pro- 
test. I  had  also  said,  in  my  previous  letter,  that  1  hoped  in  my 
own  interest,  and  in  the  interest  of  other  inventors,  that  should 
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tlie  examiner  not  approve  my  views  there  expressed,  Congress 
might  do  it  before  long.  Then  shortly  after,  1  saw  in  a  Wash- 
ington paper  that  the  Commissioner  had  just  tliought  of  altering 
the  practice,  and  I  wondered  if  that  did  not  have  something  to 
do  with  this  practice  of  the  examiners  of  cutting  up  and  dissect- 
ing the  inventions  so  much.  It  might  not  be  so  much  their  wish 
to  refuse  small  patents  as  their  desire  to  get  as  many  fees  from 
the  inventor  as  possible  for  one  single  thing  by  dividing  it  up. 

The  President  : — I  see  Mr.  Forney,  the  editor  of  the  Amer- 
ican Engineer,  here.  I  know  tlie  Institute  would  be  glad  to  hear 
him  on  this  subject  on  which  he  is  abundantly  capable  of  speak- 
ing. 

Mr.  M.  N.  Forney  : — I  do  not  know  that  I  have  anything  that 
I  could  add  to  this  discussion  which  would  be  of  interest  to  the 
gentlemen  here.  I  have  gone  through  some  of  the  tribulations 
which  most  inventors  go  through  at  the  Patent  Office.  I  liave 
suflEered  from  the  division  and  sub-division  of  my  patents,  and  I 
have  also  suffered,  as  others  hnve  who  are  in  the  habit  of  going 
to  Washington  for  patents,  in  sometimes  having  my  applications 
rejected.  The  fact  of  there  being  a  new  rule  adopted  in  the 
Patent  Office  is,  however,  new  to  me.  I  was  not  aware  that  any 
new  system  had  been  introduced  there,  and  it  probably  accounts 
for  some  things  that  I  could  not  account  for  in  my  own  experience 
recently.  Anything,  1  think,  which  would  take  away  from  the 
liberality  of  our  patent  laws  ought  to  be  very  much  regretted, 
for  the  sake  of  the  general  advancement  of  the  arts  and  sciences. 
Few  of  us  realize,  perhaps,  how  much  this  country  owes  to  the 
patent  system  whicli  was  inaugurated  by  those  wise  old  fellows 
who  founded  our  government  a  great  many  years  ago.  The 
question  has  very  often  come  up  as  to  what  the  result  would 
be  in  case  the  patent  laws  were  abolished.  I  think  some  of  us, 
perhaps,  by  citing  our  own  experience  can  give  an  indication  of 
about  what  would  happen.  I  Icnow  in  several  instancies  in  which 
I  have  had  inventions,  of  probably  very  little  merit,  but  at  any 
rate,  I  made  application  for  patents  for  tliera  in  the  Patent  Office, 
and  it  has  happened,  in  a  number  <>f  instances,  that  I  have  dis- 
covered that  someone  else  had  anticipated  my  inventions.  The 
result  of  it  was,  I  simply  dropped  the  whole  scheme,  paid  no  more 
attention  to  it,  and  did  nothing  to  develop  it,  altliough  at  the 
time  I  had  the  impression  that  the  inventions  were  of  value.  Now, 
if  that  same  principle  is  applied  all  over  the  country,  to  all  in- 
ventors and  to  all  inventions,  the  obvious  result  would  be  that 
invention  would  stop,  and  then  instead  of  inventors  devoting 
their  time  and  thought  and  energy  to  the  subject,  they  would 
simply  devote  their  time  and  energy  to  some  other  purpose. 
They  would  go  into  trading  or  into  speculating  or  something  sim- 
ilar. The  object  of  inventing  to  most  of  us  is  not  entirely  the 
love  of  invention,  but  because  we  hope  to  realize  some  profit 
froin  it.    Therefore,  it  seems  to  me  that  any  policy  of  the  Patent 
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Office  which  looks  to  a  less  liberal  construction  of  tlie  patent 
laws  or  the  practice  would  be  very  disastrous  not  only  to  inven- 
tion generally,  but  it  would  be  a  step  backward  in  the  prosperity 
of  the  country. 

Mr.  Joseph  Sa^chs:— The  rejection  of  an  invention  for  want 
of  patentability  I  really  do  not  consider  so  very  undesirable  a 
feature  of  Patent  Office  practice.  To  my  mind  the  examiner 
has  in  view,  in  doing  this,  to  discover  whether  the  inventor  him- 
self really  believes  that  he  has  discovered  any  new  process  or 
machine  By  showing  the  inventor,  or  trying  to  show  the  in- 
ventor, that  he  has  not,  and  citing  certain  instances  where  similar 
devices  have  been  used  in  similar  ways  before,  he  brings  forth 
from  the  inventor  a  series  of  ideas  by  which  the  inventor  tries 
to  show  that  he  has  invented  something,  and  if  those  ideas  which 
the  inventor  puts  forth  go  to  show  that  the  invention  is  actually 
a  valid  one,  tiien  in  most  cases  the  examiner  will  take  back  his 
former  decision  and  grant  a  patent  for  the  invention. 

I  have  found  withm  the  last  two  or  three  years  that  of  very 
nearly  fifteen  applications  that  I  have  made,  the  greater  part  of 
them  have  been  rejected  for  the  want  of  patentability,  the  want 
of  invention.  I  have  never  been  quite  as  lucky  as  one  of  my 
predecessors  in  having  found  that  there  were  twelve  inventions 
in  what  I  thought  was  one ;  but  I  frequently  found  that  the  ex- 
aminer thought  there  was  no  invention  at  all.  That  in  view  of 
patent  number  so  and  so  in  combination  with  patent  number 
something  else,  the  mere  addition  of  a  screw  or  spring  or  some- 
thing else  did  not  constitute  invention.  But  upon  my  showing 
that  this  spring  or  screw  or  something  else  was  absolutely  neces- 
sary to  gain  this  new  effect,  the  patent  was  generally  allowed.  I 
really  tfiink  that  the  mere  citing  of  instances  to  bring  forth  ideas 
from  the  inventor,  showing  that  his  idea  is  a  new  and  valid  one, 
is  not  detrimental  at  all  to  our  inventive  advancement.  I  think  it 
gives  the  inventor  strength  and  gives  him  opportunity  to  show 
up  the  points  of  advantage  in  his  invention,  and  if  his  invention 
has  no  points  of  real  advantage  he  should  not  be  granted  a  patent 
thereon. 

The  President  : —  The  Chair  may  perhaps  be  pardoned  if  he 
adds  his  little  to  the  history  of  the  annoying  experience  in  the 
Patent  OflBce  that  may  be  summed  up  under  that  very  disagreeable 
phrase,  "lack  of  invention."  Very  early  in  the  history  of  the 
art  he  attempted,  in  connection  with  Elihu  Thomson,  to  take  out 
a  patent  for  what  was  practically  the  first  transformer  ever  ap- 
plied for  in  this  country.  We  showed  an  induction  coil  with  a 
long  thin  primary  and  a  short  thick  secondary,  and  the  erudite 
examiner  rejected  the  application  on  the  statement  that  it  con- 
tained or  snowed  no  invention.  I  remember  the  phraseology 
fairly  well,  as  it  made  quite  an  impression  on  me  at  the  time,  be- 
cause I  knew  that  we  had  a  valuable  new  idea.  The  examiner 
informed  us  that  it  did  not  constitute  an  act  of  invention  merelv 
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to  eliange  the  relative  proportions  of  the  resistance  in  the  primary 
and  secondary  wires.  We  know  that  it  was,  so  to  speak,  a  great 
invention  as  it  gave  to  the  world  the  transformer  in  place  of  the 
ordinary  Ruhmkorff  coil.  The  great  trouble  in  this  reepect  in 
the  Parent  Office  comes  from  the  fact  that  the  examiners  are  in- 
adequately compensated  for  their  services.  We  should  pay  suf- 
ficiently high  salaries  to  get  unquestionably  first  class  men.  A 
broad-minded  man  that  knew  anything  of  the  art  never  could 
have  made  a  mistake  like  the  one  I  have  mentioned.  I  do  not  at 
all  wish  to  be  considered  as  sitting  in  judgment  on  the  examiners 
in  the  Patent  Office,  especially  in  the  very  difficult  department 
of  electricity.  They  are  excellent  men.  But  I  do  think  that  a 
great  improvement  would  come  in  urging  the  government  to  set 
aside  a  fair  proportion  of  the  profits  of  the  office  and  apportion 
them  more  among  the  examiners  in  the  way  of  increased  salaries. 
I  think  a  real  reform  could  be  worked  in  that  direction. 

[Communicated  aftkr  Adjournment  by  Mr.  Almon  Robinson.] 

Those  of  us  whose  specialty  is  the  making  of  small  inventions 
owe  the  author  a  considerable  debt  for  setting  forth  so  clearly 
and  forcibly  our  claims  to  recognition. 

It  is  generally  admitted  that  inventors  of  the  other  sort,  who 
patent  their  untried  dreams  and  get  broad  claims  on  them,  de- 
serve encouraojement ;  hut  it  is  thought  that  the  more  carefully 
considered  things,  which  show  fewer  unheard  of  features,  will 
come  along  by  themselves.  Anyone  who  has  had  occasion  to 
closely  watch  the  way  in  which  new  devices  and  methods  come 
into  use  knows  that  this  is  a  mistaken  view. 

I  call  to  mind  a  case  in  which  a  manufacturing  firm  made  a 
long  and  persistent  effort  to  obtain  a  patent  on  a  well  tested  im- 
provement in  their  owfi  line  of  work.  Failing  on  account  of 
alleged  lack  of  invention,  they  decided  to  drop  the  thing  entirely, 
not  caring  to  fit  up  for  making  it  without  the  protection  of  a 
patent. 

Another  case  can  probably  be  paralleled  from  the  experience 
of  many  members  of  the  Institute.  A  crude  electrical  ideawaa 
carefully  spread  out  by  a  skilful  patent  lawyer.  An  independent 
inventor  offering  the  same  idea  worked  into  practical  shape,  waa 
told  that  there  was  no  patentable  difference.  Neither  of  the  de- 
vices are  in  use. 

The  necessary  result  of  the  threatened  restriction  would  be  ta 
take  away  all  inducement  for  trying  to  make  something  useful 
out  of  the  impractical  anticipation  which  is  always  standing  in 
every  one's  way. 

The  real  trouble,  however,  with  the  supposed  plan  of  the  Com- 
missioner, is  not  that  he  is  fighting  an  imaginary  evil,  but  that 
the  office  will  unavoidably  work  injustice  in  carrying  out  hia 
ideas,  and  this  will  come  from  something  that  lies  deeper  than 
any  personal  shortcomings  of  the  examiners ;  from  the  fact  that 
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an  examiner  has  loaded  upon  him  the  distinct  and  incompatible 
dnties  of  state's  attorney  and  judge.  He  is  first  called  upon  to 
hunt  up  every  possible  objection  to  the  granting  of  the  patent, 
and  must  then  sit  in  judgment  upon  his  own  work.  It  is  not  in 
human  nature  for  him  to  judge  fairly. 

It  is  easier  to  point  ont  the  diflSculty  than  the  remedy,  but  I 
venture  to  suggest  a  modification  of  a  plan  that  has  been  before 
brought  forward.  Let  the  examiner  do  his  worst  and  set  forth 
all  the  objections  known  to  him,  and  give  the  applicant  the  privi- 
lege of  taking  out  a  conditional  patent,  on  which  all  the  exam- 
iner's references  and  objections  are  endorsed,  and  print  these 
with  the  claims  in  the  Gazette. 

Endorse  on  the  printed  copies  and  publish  in  the  Gazette  any- 
thing fnrther  which  comes  to  the  knowledge  of  the  examiner  so 
that  the  full  state  of  the  art  as  he  understands  it  shall  be  at  all 
times  accessible  to  the  public.  Then  provide  in  the  Patent  Office 
a  board  of  appeal  before  which  the  patentee  must  take  all 
matters  in  dispute  before  attempting  to  collect  damages  of  in- 
fringers. 

I  ask  attention  to  one  feature  of  this  plan.  It  leaves  the  state 
of  the  art  in  full  public  view.  Most  workers  in  the  electrical 
field  can  appreciate  the  advantages  of  this. 

Lewiston.  Me.,  February  27,  1894. 

The  President: — Are  there  any  further  remarks  on  this 
paper  ?  Shall  we  proceed  to  the  next  paper,  or  shall  we  now 
consider  the  election  rules  ? 

Nothing  being  said,  I  shall  consider  that  it  is  the  desire  of  the 
meeting  to  hear  Mr.  Leonard's  paper. 

Mr,  H.  Ward  Leonard  then  read  the  following  paper  entitled 
"  How  Shall  we  Operate  an  Electric  Railway  100  Miles  from  the 
Power  Station." 


A  pa/tr  pretemttd  at  the  S4tk  Meeting  of  the 
American  Institute  of  Electrical  Engineers^ 
New  Vork^  February  2ist^  1S94.  President 
Houston  in  the  Chair. 


HOW  SHALL  WE  OPERATE  AN  ELECTRIC  RAILWAY 
EXTENDING  ONE  HUNDRED  MILES  FROM 
THE  POWER  STATION. 


BV  H.  WARD  LEONARD. 

Let  U8  suppose  that  we  are  called  upon  to  act  as  engineei's  for 
a  steam  railway  desiring  to  operate  its  line  by  electric  locomo- 
tives. There  exists  a  very  economical  source  of  power,  possibly 
a  water  power,  so  situated  that  the  length  of  railway  to  be 
operated  in  either  direction  is  100  miles. 

Let  us  determine  the  leading  points  of  the  specification  for 
such  a  road,  based  upon  our  experience  to  this  date,  and  after 
making  the  specification,  let  us  see  whether  we  are  to-day  able  to 
comply  with  the  specification,  and  if  not,  what  must  be  done 
before  we  can  comply  with  it. 

The  following  features  seem  desirable,  if  not  essential,  in  such 
a  railway : 

1st.  A  single  trolley  contact  shall  be  used  for  supplying 
current  to  the  locomotive. 

2nd.     The  e.  m.  f.  upon  the  trolley  shall  not  exceed  500  volts. 

3rd.  There  shall  be  no  apparatus  in  motion  and  requiring 
attention,  between  the  power  station  and  the  locomotive. 

4th.  No  commutator,  rheostat  or  controlling  device  on  the 
locomotive  shall  be  subjected  to  a  higher  e.  m.  f.  than  250  volts, 
and  there  shall  be  no  sparking  on  any  of  the  apparatus  under 
any  normal  conditions. 

5th,  The  entire  control  of  the  locomotive  in  either  direction 
shall  be  effected  by  the  movement  of  one  lever. 

6th.  The  load  shall  be  started  from  dead  rest  by  an  amount 
of  energy  taken  from  the  source  of  supply,  which  shall  not  ex- 
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ceed  one  quarter  of  the  energy  required  to  operate  at  full  speed 
on  the  level. 

7th.  The  retardation  of  the  load  in  coming  down  grades,  and 
in  stopping,  shall  be  effected  by  converting  the  motors  into 
generators,  which  shall  feed  back  current  to  the  line,  and  thereby 
assist  the  power  station  in  operating  other  locomotives. 

8th.  The  motors  must  be  reversible  when  operating  at  full 
speed,  without  damage  to  the  motors  or  other  apparatus. 


Fio.  1. 

Am  Si^le  phnsc  *Uertiat>n«  cUTTtrvl  generator  of  i.doc  voJu. 

^1  StBf^itp  trRfiafonncT'  frtini  t^ooq  to  arj,op^  volts k 

C.  TFiUJimliakin  circuit  ai  lio^coo  volt*. 

T^,  Sip?>-Jown  irflnafoTmcr,  ^o^ooo  m  joa  vo)t*. 

E.  Tfolley. 

F,  Trolley  wire,  joo  volts. 
G»  Ofoutid, 

H.  Synchfunouft  flinKle  pbtme  trkitor* 

I.  Contifiuou*  cturmi  cvrntmiiiaior  of   250   vuli*  snpuMnB 

fields  of  H.  Kaitd  L. 
K.    Cif»«tiOiJoys  riirftrnt  ij^neisnur^  3«io  vck*. 
h.    Con  ti  nuptis  currsTTi  ■  n^.  -r  ■  ■  - .  /  n  o  vol  ts 
M.  Reversing  rheostat  m  separately  excited  field  of  K. 
N.   Driving  wheel  of  locomotive. 


9th.  The  efficiency  of  the  system  from  power  on  the  genera- 
tor shaft  to  the  draw  bar  pull  of  the  locomotive,  shall  be  at  least 
50  per  cent. 

10th.  The  locomotive  shall  produce  at  least  500  h.  p.,  when 
operating  at  a  speed  of  80  miles  per  hour. 

It  will  be  evident  that  we  must  use  a  high  e.  m.  f.  for  operating 
over  such  great  distances.     The  average  distance  over  which  the 
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power  is  to  be  transmitted  is  50  miles,  and  we  find  that  in  order 
to  operate  with  a  loss  in  conductors  of  20  per  cent.,  we  must  have 
an  initial  e.  m.  f.  of  20,000  volt8,,in  order  to  make  the  cost  of 
copper  about  $20  per  k.  w.  which  is  about  the  best  figure  for  cost 
of  copper  under  the  conditions. 

The  alternating  current  must  evidently  be  used  for  such  an  e. 
M.  F.  as  this,  and  the  single  phase  alternating,  since  we  have  but 
one  trolley  contact. 

Let  us  start  (see  Fig.  1)  with  the  standard  1,000-volt  single 
phase  alternators  in  our  power  station,  and  convert  by  step-up 
transformers  from  1,000  to  20,000  volts  required  for  the  trans- 
mission circuit.  Since  we  are  limited  to  500  volts  upon  the  trol- 
ley, we  must  insert  at  suitable  points,  say  every  two  miles,  a 
converter,  which  will  transform  the  energy  at  20,000  volts  in  the 
transmission  circuit,  to  energy  at  500  volts  in  the  trolley  circuit, 
one  pole  of  which  latter  circuit  will  be  the  rails. 

We  have  our  energy  delivered  at  our  point  of  use  with  reason- 
able cost  and  efficiency  and  by  simple  and  well  tried  apparatus. 
But  the  energy  is  in  the  form  of  a  single  phase  alternating  cur- 
rent which  is  not  very  flexible. 

We  can  operate  a  synchronous  alternating  current  motor  by 
this  current,  but  it  cannot  be  regulated  in  speed  or  reversed  in 
direction,  and  cannot  be  started  under  load,  and  will  be  thrown 
out  of  step  if  a  large  load  be  suddenly  applied.  As  all  of  these 
conditions  are  required  of  the  locomotives,  a  motor  operating  by 
the  alternating  current  evidently  cannot  be  used  directly. 

But  it  is  a  simple  matter  to  start  the  synchronous  motor  with- 
out load  and  when  it  reaches  its  synchronous  speed  it  will  perform 
work  eflSciently  and  satisfactorily,  provided  it  be  not  subjected 
to  violent  fluctuations  in  the  load  applied  to  it. 

Evidently,  then,  what  we  need  is  some  form  of  gearing  between 
the  synchronous  motor  and  the  axle,  which  will  give  us  the  de- 
sired control  and  enable  us  to  operate  at  any  speed  and  in  either 
direction. 

It  is  quite  possible  that  this  can  be  accomplished  mechanically, 
and  many  ingenious  devices  for  this  purpose  have  been  invented, 
but  none  seem  to  be  suflGiciently  simple,  reliable  and  lasting 
for  use  on  such  a  large  scale. 

The  equivalent  of  such  a  mechanical  gear  can,  however,  be 
secured  if  we  will  make  use  of  the  synchronous  motor  merely  to 
drive  a  continuous  current  generator  on  the  same  shaft  at  a  con- 
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stant  speed,  and  use  the  continuous  current  so  generated  to 
«upply  the  propelling  motors  connected  with  the  axles  of  the 
locomotives. 

Since  the  generator  is  used  for  the  motors  on  one  particular 
locomotive  only,  we  can  vary  its  e.  m.  f.  at  pleasure,  and 
hence  can  produce  a  low  s.  m.  f.  for  low  speeds,  and  inqrease  the 
E.  M.  F.  to  increase  the  speed  and  by  this  means  avoid  the  loss  of 
energy  which  is  wasted  in  rheostats  when  motors  are  started 
under  load,  and  when  connected  as  usual  upon  a  source  of 
constant  e.  m.  f. 

In  order  to  secure  rapid  changes  in  the  e.  m.  f.  of  this  continu- 
ous current  generator  at  will,  it  will  be  best  to  have  its  field 
separately  excited  which  will  also  enable  us  to  reverse  its  field  at 
pleasure.  The  propelling  motors  can  be  series,  shunt,  or  sepa- 
rately excited.  The  best  results  will  be  obtained  by  separately 
exciting  the  field,  and  keeping  it  fully  and  constantly  excited  and 
reversing  the  motors  by  reversing  the  field  of  the  generator  which 
of  course  will  reverse  the  current  in  the  armature  alone  of  the 
motor. 

To  secure  this  exciting  current  for  the  synchronous  alternating 
motor,  and  also  for  the  fields  of  the  continuous  current  genera- 
tor and  motor,  it  will  be  best  to  drive  by  means  of  the  alternating 
motor  armature,  and  if  desired  in  the  same  field,  a  continuous 
current  winding  connected  to  a  commutator,  from  which  will  be 
led  the  current  for  exciting  the  fields  of  all  three  machines. 

Let  us  wind  the  fields  for  250  volts,  and  also  use  this  voltage 
for  the  continuous  current  armatures.  This  pressure  is  perfectly 
safe  and  can  be  handled  with  impunity. 

Suppose  now  the  locomotive  to  be  at  rest.  The  synchronous 
motor  is  running  and  driving  the  generator  armature  at  full  speed 
in  a  field  of  no  intensity,  hence  the  propelling  motors  receive  no 
current.  We  now  make  the  first  contact  upon  the  rheostat  in 
the  generator  field  circuit  and  let  the  resistance  in  the  rheostat  be 
such  as  to  produce  say  25  volts  at  the  genemtor  brushes. 

This  25  volts  will  supply  a  very  large  current  to  the  motor 
armature  at  rest  in  its  saturated  field,  and  consequently  will  pro- 
duce a  sufiicient  torque  to  start  the  entire  load  and  continue  to 
move  it  at  a  slow  speed. 

We  are  using  25  volts  and  let  us  say  2,500  amperes  in  this  cir- 
cuit ;  this  means  62,500  watts  and  disregarding  transformation 
losses  for  simplicity,  this  means  a  current  of  125  amperes  from 
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the  trolley.  When  operating  at  the  rate  of  500  h.  p.  at  full  speed 
we  shall  need  say  1,800  amperes  and  250  volts  in  our  propelling- 
circuit,  which  is  450  k.  w.  and  means  roughly  900  amperes  from 
the  trolley.  It  is  evident  therefore,  that  we  can  start  the  load 
with  but  a  small  fraction  of  the  energy  required  for  operation  at 
full  speed,  and  that  there  will  be  no  danger  of  throwing  the  al- 
ternator out  of  step  by  applying  but  about  one  sixth  of  its  full 
load  and  applying  that  gradually  as  will  be  the  case,  as  the  load 
will  follow  the  increase  of  the  generator  field  strength,  which 
although  rapid,  is  gradual  and  not  instantaneous. 

If  we  are  operating  at  full  speed,  and  desire  to  bring  the  loco- 
motive to  rest,  we  gradually  but  rapidly  reduce  the  strength  of 
the  generator  field  by  manipulating  the  rheostat  in  its  field  cir- 
cuit so  as  to  reduce  to  zero  the  current  exciting  this  field ;  the 
E,  M.  F.  produced  by  the  generator  then  rapidly  falls  below  the 
counter  e.  m.  f.  of  the  motors,  which  are  being  driven  in  a  con- 
stant field  by  the  momentum  of  the  moving  load,  and  the  motors 
consequently  become  generators,  and  supply  current  to  the 
former  generator  which  now  becomes  a  motor,  and  driving  the 
alternator,  feeds  current  back  through  the  trolley,  thereby  not 
only  bringing  the  locomotive  smoothly  and  rapidly  to  rest,  but 
saving  the  energy  usually  wasted  upon  the  brake  shoes. 

Under  this  arrangement,  if  we  are  using  steam  engines  as  the 
source  of  power,  we  never  subject  the  engines  to  the  violent 
fluctuations  ordinarily  met  with  in  electric  railways,  and  by 
reason  of  having  a  comparatively  steady  load,  can  secure  very 
high  economy  in  the  consumption  of  steam,  and  since  we  have 
eliminated  the  excessive  load  in  starting,  we  can  very  much  re- 
duce the  capacity  of  the  engines,  generators  and  conductors  over 
usual  requirements. 

The  reversal  of  the  motors  is  very  simple  and  smooth  by  this 
method.  The  lever  of  the  rheostat  in  the  generator  field  circuit 
is  moved,  so  as  first  to  reduce  the  current  to  zero,  and  then  in- 
crease it  again  to  its  maximum  but  in  the  opposite  direction 
around  the  field.  Tlie  reversal  of  the  motor  armature,  follow- 
ing the  gradual  change  in  the  strength  of  the  generator  field,  is 
extremely  smooth,  and  the  armature  is  not  subjected  to  any  sud- 
den strain.  No  sparking  will  be  met  with  under  any  condition, 
upon  either  the  generator  or  motor  commutators,  or  upon  the 
field  rheostat. 

The  combination  of  apparatus,  and  method  of  use  I  have  de- 
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flcribed,  enable  us  to  conform  fully  with  the  specification  given 
above,  and  while  it  is  possible  that  the  future  may  make  this 
arrangement  appear  clumsy  and  crude,  it  has  the  present  advan- 
tage of  making  use  of  apparatus  we  are  all  familiar  with,  and 
manufactured  by  a  score  of  different  concerns,  and  such  an  ar- 
rangement as  1  have  described  will  serve  a  useful  purpose  until 
we  can  get  the  perfect  single  phase  alternating  motor,  or  the 
motionless  transformer  for  continuous  currents,  which  we  have 
needed  and  waited  for  so  long,  and  which  many  people  even  yet 
expect  will  eventually  be  realized. 

Personally,  I  have  for  some  years  believed  firmly  that  the 
transmission  of  large  amounts  of  energy  over  long  distances 
must  be  done  by  the  alternating  current,  and  that  the  continuous 
current  is  the  only  suitable  one  for  the  eiBcient  operation  of 
motors  which  must  be  varied  in  speed,  torque  and  direction. 

Hence,  I  believe  that  the  lines  I  have  described  above  will  be 
the  lines  of  future  practice ;  namely,  the  use  initially  of  an  alter- 
nating current  which  will  be  converted  upon  the  locomotive  to  a 
continuous  current,  and  used  in  this  form  in  the  propelling  motors. 


After  reading  the  paper,  the  author  described  his  apparatus, 
which  was  in  operation  upon  the  platform,  as  follows : 

The  two  bnishes  on  the  armature  of  this  motor  are  connected 
directly  to  the  two  brushes  on  the  generator,  there  being  nothing 
in  the  circuit  of  the  armatures,  and  the  field  of  the  final  motor 
being  directly  across  the  line,  and  consequently  being  continu- 
ously and  fully  excited  in  one  direction  only.  Of  these  instru- 
ments— ^in  order  to  give  you  an  intelligent  idea  of  what  we  have 
here,  this  is  merely  a  starting  rheostat  for  starting  the  motor  gen- 
erator under  friction  load.  These  two  instruments  read  the  vol- 
tage and  current  of  the  supply  circuit,  and  I  have  selected  an 
instrument  for  reading  the  current  for  supplying  the  whole 
system,  with  a  rather  large  index,  so  as  to  clearly  show  the  small 
current  required  to  start  the  load.  These  other  two  instruments 
are  connected  with  the  armature  circuit,  the  voltmeter  and  the 
ammeter.  Both  of  them  have  their  zero  at  the  center  and  will 
read  in  either  direction.  As  the  current  in  this  armature  circuit 
is  reversed,  you  can  read  the  volts  and  amperes  in  both  direc- 
tions ;  the  only  instrument  probably  that  you  could  observe  the 
readings  of,  except  perhaps  later  by  closer  examination,  is  the  ii  - 
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etrament  reading  amperes  from  the  supply  line  at  a  constant  po- 
tential of  110  volts.  Now  we  have  the  motor  generator  in 
operation  with  its  friction  load,  with  its  field  excited,  and  with 
the  field  of  the  final  motor  fully  excited  also,  but  witli  no  current 
around  the  field  of  the  generator — the  intermediate  machine.  I 
have  here  a  brake  which  will  enable  us  to  give  the  final  motor  its 
full  torque.  But  I  will  first  remove  the  brake  to  show  the  per- 
formance of  the  armature  under  conditions  of  no  load  whatever. 
I  have  placed  a  chalk  mark  on  the  inside  of  this  pulley,  with  the 
idea  of  having  you  see  that  the  armature  is  in  rotation.  I  have 
also  made  a  chalk  mark  on  the  head  of  the  armature  at  this  end. 
It  is  now  turning  at  perhaps  one  turn  in  four  or  five  seconds, 
xmder  merely  friction  load  due  to  the  residual  magnetism  of  the 
iield  of  the  generator.  There  is  no  current  in  the  field  of  the 
generator,  but  there  is  a  little  residual  magnetism.  I  find  from 
reading  the  instrument  that  the  voltage  is  now  about  two  volts, 
and  the  amperes  something  like  half  an  ampere,  and  there  is,  of 
course,  no  work  of  any  kind  being  done,  but  the  very  slow  rota- 
tion of  the  motor  armature  in  its  bearings.  Now  under  the  con- 
ditions that  we  have  in  this  final  motor,  it  having  a  constant 
field,  the  torque  will  be  proportional  to  the  current,  and  as  we 
are  in  a  position  where  we  can  vary  the  voltage  supplied  from 
the  generator,  the  speed  will  be  proportioned  altogether  to  the 
electromotive  force  supplied,  and  since  the  'product  of  the  volts 
and  the  amperes  represents  the  electric  energy  that  we  are  using 
in  that  circuit,  and  since  the  speed  times  the  pull  in  pounds,  rep- 
resents the  work  which  is  being  performed  by  the  motor,  the 
conditions  that  we  have  here  are  such  that,  disregarding  the  exci- 
tation currents,  we  have  a  perfect  eflBciency  imder  any  conditions 
of  speed  or  torque  in  either  direction.  There  is  no  waste  of 
energy  in  rheostats,  as  is  usual,  and  the  very  strong  field  of  the 
motor  fixes  the  lines  of  force  so  that  there  will  be  no  sparking 
upon  the  motor  commutator,  and  although  a  great  many  have 
anticipated  that  there  should  be  sparking  upon  the  generator 
commutator,  there  is  no  sparking  upon  that  wnatever,  and  I  will 
briefly  state  what  appears  to  me  to  be  tlie  reason  for  this.  In  the 
case  of  a  motor  of  constant  potential,  we  know  that  if  we  weaken 
the  field  with  a  large  armature  current  it  will  spark  very  badly, 
and  it  is  probably  from  this  knowledge  that  it  was  anticipated 
that  the  generator  under  similar  conditions  would  also  spark. 
But  the  conditions  are  diflFerent  in  this  respect.  In  the  ease  of  a 
motor  we  have  the  full  electromotive  force  upon  the  commutator 
and  therefore  practically  a  constant  "volts  per  bar"  and  then 
weaken  the  field  under  these  conditions.  In  the  case  of  the  gen- 
aerator  the  volts  are  a  function  of  the  field,  and  as  we  weaken  the 
field  of  the  generator,  the  volts  per  bar  are  reduced  simulta- 
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neously  and  proportionately,  although  there  is  a  very  marked  dis- 
tortion of  the  field  generator,  and  a  very  strong  lead  of  the  neu- 
tral point  under  the  conditions  of  a  weak  field  and  a  very  strong 
armature  current,  the  neutral  point  bein^  perhaps  distorted  thirty 
or  thirty-five  degrees  from  the  line  on  wnich  the  brushes  rest,  the 
volts  being  brolcen  by  the  brush  are  so  slight  on  account  of  the 
low  total  £.  M.  F.  being  produced  that  no  sparking  is  met  with. 
Now  as  we  cut  out  the  resistance  in  the  generator  field  circuit 
step  by  step,  the  amperes  required  by  the  motor  will  be  practi- 
cally constant  as  the  torque  is  practically  constant,  but  the  volts 
on  the  armature  circuit  as  we  cut  out  the  resistance  will  gradually 
rise,  and  the  speed  proportionately.  Now  the  machine  is  running 
at  full  speed  in  one  direction,  and  now  we  quickly  reverse  it  to 
full  speed  in  the  other  direction  under  full  load,  and  as  will  be 
noticed  without  any  sparking. 

One  point  that  is  spoken  of  in  the  paper  is  the  restoration  of 
energy  to  the  line  of  retardation  of  the  moving  load.  I  will  now 
lift  the  brushes  of  the  motor  while  it  is  running  at  full  speed 
without  load.  The  motor  continues  to  run  for  a  very  long  time, 
as  the  friction  of  its  bearings  is  the  only  thing  that  is  tending  to 
stop  it,  and  it  is  moving  at  a  very  high  rate  ot  speed,  something 
like  1,800  revolutions  per  minute.  Sut  under  the  conditions  of 
practice,  hj  moving  the  generator  field  rheostat  to  the  center,  that 
18,  weakenmg  the  field  of  the  generator,  the  motor  being  driven 
by  its  momentum,  produces  an  electromotive  force  which  soon 
becomes  higher  than  that  of  the  generator,  which  is  rapidly  fall- 
ing, and  it  therefore  feeds  current  back.  Consequently  you  will 
see  that  the  motor  comes  to  rest  very  quickly,  and  in  so  doing  its 
entire  effort  is  in  the  production  of  energy  to  drive  the  interme- 
diate dynamo  as  a  motor.  While  it  is  running  at  full  speed  in 
that  direction,  we  can  instantly  reverse  it  to  full  speed  in  the  other, 
as  you  see. 

Now,  the  full  brake  load  of  the  machine,  that  is,  the  full 
torque,  is  given  it  by  this  weight  applied  to  this  point.  You  will 
notice  the  index  of  the  ampere  meter  here,  and  everything  be- 
ing at  dead  rest,  this  small  current  would  represent  the  amount 
of  energy  that  would  be  required  to  excite  the  field  and  over- 
come the  friction  load.  Now,  making  the  first  contact  here, 
we  give  the  generator  field  a  very  small  current.  We  are  send- 
ing an  amount  of  current  through  this  motor  armature  which 
tends  to  make  it  go.  The  amount  «f  current  that  it  is  receiving 
is  six  amperes,  aod  it  is  not  a  sufiicient  torque  to  start  under  the 
brake  losud.  The  next  contact  gives  us  a  little  more  than  eight. 
It  now  starts  and  is  turning  very  slowly,  with  an  amount  of  cur- 
rent which  is  a  little  more  than  this  motor  is  designed  for.  It 
has  the  full  load  and  it  can  be  made  to  move  at  a  speed  which  is 
very  slow,  about  15  revolutions  per  minute,  and,  as  you  have  no- 
tic^,  the  ampere  meter  here  in  the  supply  line  has  moved  almost 
nothing,  less  than  one  ampere,  from  the  position  in  which  it  was 
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originally.  As  we  now  increase  the  field  strength  of  the  gene- 
rator, we  gradually  get  an  increa^e  of  electromotive  force  from 
the  generator  and  the  energy  from  the  line  goes  up  just  a^  we 
increase  the  load.  Now  we  are  running  at  full  speed  and  doing 
fnll  work.  While  running  at  full  speed  we  now  instantly  reverse 
the  field  and  go  nt  full  speed  in  the  other  direction. 

Now,  under  condition  of  the  ordinary  rheostat  control  of  ap- 
paratus, this  full  working  current  would  be  required  for  accele- 
rating the  motor  under  full  load.  Here  I  am  recording  in  the 
armature  circuit  an  amonnt  of  current  which  is  something  like 
12  amperes,  which  is  about  60  per  cent,  more  than  its  full  brake 
load,  but  the  b.  m.  f.  is  only  20  volts.  That  same  amount  of  cur- 
rent would  be  required  to  ^ive  the  same  torque  if  it  were  used 
in  the  rheostat  method,  and  tliis  ampere  meter  from  the  supply 
line  in  starting  from  dead  rest  under  fnll  load  would  read  about 
60  per  cent,  more  than  its  full  load  and  full  speed  reading.  In- 
stead of  that,  starting  the  load  with  this  system  makes  only  a 
deflection  of  less  than  an  ampere  from  the  line.  Although  I  get 
in  the  armature  circuit  here  something  over  eight  amperes — ^by 
the  way,  in  speaking  of  that  I  will  point  out  one  fact  that  T 
omitted— that  the  armature  circuits  of  these  machines  are  260 
volts  here,  so  that  in  order  to  make  any  comparison  of  figures 
between  the  current  from  line,  which  is  110  volts,  we  must  give 
due  consideration  to  that.  The  reversal  of  the  load  takes  place 
without  any  sparking  whatever  and  is  perfectly  smooth.  It  is  a 
feature  of  this  system  that  the  fields  of  both  the  getierator  and 
the  motor  have  no  connection  whatever  with  their  armatures — no 
electrical  connection  of  any  kind.  Consequently  in  the  handling 
of  the  apparatus  there  is  no  tendency  to  sparking  at  the  brushes 
due  to  any  rapid  changes  of  the  field  magnetism  or  any  breaking 
of  the  field  magnetism.  Another  point  is  that  at  the  time  the  re- 
versal occurs,  the  electromotive  force  produced  by  the  generator 
is  zero  and  there  is  no  tendency  to  spark.  You  will  notice  that 
the  current  from  the  supply  line  goes  up  perfectly  smoothly  in 
proportion  to  the  work  it  is  doing.  It  does  not  jump  beyond 
where  it  should  and  then  finally  come  back  again.  Of  course,  if 
we  were  handling  anything  like  a  train  or  any  body  of  large  mo- 
mentum the  movement  would  probably  be  tolerablv  slow  as  com- 
pared with  the  handling  I  am  giving  it  now.  I  do  not  think  of 
any  other  points  that  I  wish  to  speak  of  in  connection  with  the 
apparatus  unless  some  questions  are  asked  in  regard  to  it. 

The  Pkesibent: — Mr.  Leonard's  excellent  and  instructive  pa- 
per is  now  open  for  discussion. 

Discussion. 

Mr.  Charles  G.  Curtis: — I  would  like  to  ask  Mr.  Leonard 
why  it  would  not  be  the  better  plan  to  place  the  armature  field  in 
series. 

Mr.  Leonard: — Its  armature  and  its  field  ? 

Mr.  Curtis: — Yes.     In  other  words,  in  starting,  a  great  deal 


1894.]  DISCUSSION.  85 

of  power  is  required  to  overcome  the  inertia,  and  the  amperes 
required  in  the  armature  connected  with  the  wheel  would  be  ex- 
ceedinfcly  high.     Don't  you  think  so  ? 

Mk.  Lbonajeu): — Yes. 

Mb.  Curtis: — Well,  in  railway  motors  ordinarily,  it  is  found 
almost  necessary,  unless  the  field  is  intensely  strong,  to  put  the 
field  in  series  with  the  nrmature,  so  that  the  field  would  have  a 
very  strong  current  flowing  through  it  when  the  armature  does. 

Mr.  Leonard: — Well,  we  have  a  field  which  is  saturated,  and 
I  do  not  believe  it  would  be  increased  materially  by  any  increase 
of  current.  The  field  is  constantly  excited  and  fully  saturated. 
It  is  directly  across  the  line,  and  in  this  case  it  is  the  regular 
shunt  winding  of  a  shunt  motor  disconnected  from  the  armature. 
It  is  connected  directly  across  the  line.  Of  course,  if  we  were  to 
Attempt  to  work  with  a  series  wound  motor  for  the  last  one,  the 
reversal  of  the  field  of  the  generator  would  not  enable  us  to  re- 
verse the  motor,  as  it  would  reverse  both  the  armature  and  field 
<5urrent. 

Mr.  Curtis  :— That  could  be  done  by  a  separate  switch. 

Mr.  Leonard  : — Yes.  But  I  do  not  see  that  there  is  anything 
to  be  accomplished  by  that,  and  you  certainly  get  a  variation  of 
the  field  of  the  motor  which  is  one  of  the  most  undesirable 
features. 

Mb.  Curtis  : — ^It  seems  to  me,  Mr.  Leonard,  if  you  apply  a 
very  heavy  motor  to  the  armature  of  your  generator  and  weaken 
its  field  so  as  to  get  a  very  great  reduction  in  the  electromotive 
force,  as  much  as  75  per  cent,  reduction — you  would  necessarily 
get  a  distortion  of  the  field.  I  cannot  see  any  difference  between 
the  case  of  a  generator  and  the  case  of  a  motor  as  regards  spark- 
ing. 

Mr.  Leonard  : — Well,  I  do  not  know  that  I  can  do  anything 
bat  try  to  make  it  more  clear  by  repetition.  In  the  case  of  this 
motor  here,  there  are  260  volts  across  the  brushes,  and  if  we 
weaken  the  field  of  the  motor  it  would  certainly  spark  very 
badly.  But  in  starting  the  load  there  are  across  the  brushes  of 
this  generator  but  perhaps  twenty  volts,  and  its  field  is  very  weak. 
Now  with  a  full  current  in  the  armature,  that  is,  the  full  starting 
-current,  there  is  a  very  strong  distortion  of  the  field,  and  as  I 
said  before,  it  probably  amounts  to  something  like  36  degrees. 
We  would  find  that  the  line  of  maximum  difference  of  potential 
is  some  36  degrees  from  the  line  where  the  brushes  are.  But  at 
the  point  where  the  brushes  are,  the  whole  electromotive  force 
around  the  commutator  being  but  one-tenth  of  its  full  e.  m.  f.,  it 
is  equivalent  to  multiplying  the  commutator  bars  by  ten,  at  any 
rate,  and  it  really  has  a  much  better  result  than  that.  There  is 
absolutely  no  sparking  from  the  generator  brushes  under  any 
conditions  where  I  have  ever  applied  it  as  yet,  and  I  have  applied 
it  under  very  severe  conditions  and  in  the  movement  of  very 
large  loads  in  electric  cranes  and  elevators.    Of  course  the  distor- 
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tioD  will  be  first  in  one  direction,  and  then  when  the  field  is  re- 
Tersed  it  will  be  in  the  other  direction.  Therefore  your  brushes 
should  be  set  for  no  load  whatever. 

Mr.  Curtis  : — Have  you  tried  it  on  very  large  machines — 
large  armatures  ? 

Mr.  Leonard  : — Machines  of  fifty  horse-power. 

Mr.  Curtis  : — How  much  do  you  weaken  the  field  when  you 
are  getting  the  first  part  of  the  starting  torque  ? 

Mr.  Leonard  : — There  is  a  resistance  in  series  with  the  field, 
in  a  motor  of  250  volts  and  of  such  a  horse  power  as  fifty,  of 
perhaps  a  thousand  ohms  in  scries  with  the  field. 

Mr.  Curtis:— How  weak  will  the  field  be  compared  with  the 
full  strength  ? 

Mr.  Leonard  : — About  one  twentieth. 

Mr.  Curtis  : — Do  you  find  under  those  circumstances  that  it 
won't  spark  any  ? 

Mr.  Leonard  : — Not  a  particle.  I  must  smile  a  little  at  that, 
because  it  is  the  same  question  that  everyone  since  I  first  had 
anything  to  do  with  the  method  has  raised,  and  I  do  not  know  of 
a  single  person  who  has  not  expected  that  that  generator  would 
spark. 

Mr.  Curtis  : — I  never  saw  a  generator  yet  where  the  field  is 
weakened  that  would  not  spark  where  you  do  not  shift  the 
brushes,  and  I  do  not  see  any  difference  whether  that  is  feeding 
current  to  a  railway  motor  or  something  else. 

Mr.  Leonajid  : — It  is  not  that.  But  if  you  will  think  a  mo- 
ment you  will  realize  that  it  has  been  very  rarely  that  a  generator 
has  been  used  in  the  past,  where  its  field  would  likely  be  weakened 
to  a  very  great  extent,  and  where  its  field  was  separately  excited. 
Separate  excitation  of  the  field  may  not  be  an  essential  factor 
for  non-sparking,  but  it  is  infiuential  in  regard  to  having  the 
armature  entirely  free  from  any  disturbing  field  kicks,  etc. 

Mr.  Cuktis: — Commutator  sparking  is  due  to  the  presence  of 
magnetism.  In  those  machines  there  I  should  think  that  in 
all  probability  the  field  was  so  very  strong,  compared  with  the 
turns  on  the  armature,  that  you  would  not  get  any  field  dis- 
tortion unless  your  field  was  practically  nothing. 

Mr.  Leonajid: — It  was  on  these  identical  machines  that  I 
spoke  of  a  measurement  of  35  degrees  distortion.  The  motor 
armature  has  a  full  field,  and  its  lines  of  forces  are  necessarily 
kept  tolerably  straight.  But  the  generator  has,  at  times,  no  field 
practically,  and  the  lines  are  distorted  tremendously. 

Mr.  Cdrtis  : — How  can  you  move  the  coils  of  the  armature  'i 
How  can  you  move  it  in  the  presence  of  lines  of  force  without 
getting  sparking  ? 

Mr.  Leonard  : — Well,  we  are  moving  it  through  such  a  field 
that  the  lines  are  so  very  few  that  the  electromotive  force  devel- 
oped by  the  coil  which  is  passing  under  the  brush  is  so  slight 
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that  the  passing  of  those  bars,  perhaps,  only  produces  a  breaking 
of  an  electromotive  force  which  is  no  greater  than  it  would  be 
at  the  neutral  point  with  ten  times  the  total  electromotive  force 
then  in  use. 

Me.  Cubtis: — Well,  1  cannot  agree  with  yon,  Mr.  Leonard. 

Mb.  Lbonabd  : — It  may  be  that  I  have  not  the  right  theory 
about  it. 

Mb.  Curtis  : — It  may  be  immaterial.  That  is  to  say,  in  order 
to  make  this  an  efficient  mode  of  operation  it  would  not  be  neces- 
sary to  reduce  the  electromotive  force  more  than  80  per  cent., 
perhaps.  Then  you  would  be  working  with  considerable  effic- 
iency and  the  field  might  stand  that  very  well  with  20  per  cent, 
of  its  normal  strength.  Although  I  never  saw  a  generator  yet 
that  had  many  turns  on  its  armature,  with  any  such  capacity  as 
that,  without  burning  up  the  brushes. 

Mb.  Leonard  : — Well,  you  can  in  this  case.  1  know  that  in 
practice  this  has  been  used  in  connection  with  almost  every 
dynamo  that  is  on  the  market. 

Mb.  Cubtis  : — What  sort  of  machines  have  you  used  it  on  ? 

Mb.  Leonabd  : — On  the  Crocker-Wheeler,  the  Eddy,  the  "  C. 
&  C,"  the  Edison,  the  Thomson-Houston,  the  Waddell-Entz,  the 
Eickemeyer,  the  Bilberg,  and  several  others.  But  in  each  of 
these  it  has  performed  exactly  as  it  has  in  every  other  case. 

Mb.  Curtis  : — Did  you  ever  try  those  machines  as  motors  and 
see  if  they  spark  as  motors  with  weak  fields  ? 

Mb.  Leonabd  : — They  will  unquestionably  spark  as  motors. 

Mb.  Curtis: — Did  you  ever  try  them? 

Mr.  Leonabd  : — Yes.  I  tried  these  very  machines  with  weak 
fields. 

Mr.  Curtis  : — But  those  machines  have  an  exceedingly  power- 
ful field,  and  weak  armature. 

Mb.  Leonabd  : — They  have  more  turns  on  the  armature  than 
usual. 

Mb.  Cubtis: — Compared  with  turns  on  the  fields? 

Mb.  Leonabd  : — Turns  on  the  armature.  That  is,  the  magne- 
tizing effect  of  the  armature  current  is  rather  more  in  these  than 
in  many  other  machines  on  the  market. 

Mb.  Curtis  : — This  is  all  I  wanted  to  bring  out — that  when 
you  get  to  machines  of  any  size,  I  think  you  will  find  that  the 
magnetizing  effects  of  the  armature  turns  are  so  much  in  excess 
of  what  they  are  on  the  smaller  machines  that  you  will  get 
sparking. 

M.  Leonabd: — What  size  do  you  mean  ? 

Mb.  Cubtis: — Take  a  multipolar  machine  of  fifty,  or  take  a 
railway  motor. 

Mb.  Leonabd: — Take  the  Waddell-Entz  machine  ? 

Mb.  Cubtis: — Have  you  tried  it  on  a  multipolar? 

Mb.  Leonard: — Yes. 

Mr.  Cubtis: — How  much  have  you  weakened  the  field  ? 
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Mr.  Leonard: — The  same  as  here.  From  zero  up  to  the  full 
amount. 

Mr.  Curtib: — How  much  current  did  you  put  through  the  ar- 
mature? 

Mr.  Leonard:— Enough  to  lift  50  tons  on  a  traveling  crane. 
It  is  a  40  H.  p.  motor. 

Mr.  Curtis: — How  much  above  its  normal  current  on  the  ar- 
mature'tf 

Mr.  Leonard: — About  double. 

Mr  Curtis: — And  it  did  not  spark? 

Mr.  Leonard. — Not  a  particle. 

Mr.  C.  O.  Mailloux: — I  might  mention  a  bit  of  experience 
whic^h  is  a  propos  of  this  very  subject  and  may  tend  to  throw 
some  light  on  it.  I  have  found  that  a  generator  will  be  able  to 
carry  a  much  heavier  current  when  worked  at  lower  potential 
than  it  normally  would  if  it  were  working  at  its  normal  electro- 
motive force.  The  particular  machine  was  a  railroad  generator 
having  lower  potential  than  usual,  about  300  volts,  and  capable 
of  carrying  some  800  amperes.  The  armature  insulation  was 
found  very  low  when  tested,  apparently  because  the  armature 
wat»  not  suflSciently  baked  when  finished  and  the  shellac  was  not 
quite  dry.  There  being  no  better  way  of  drying  or  baking  it, 
we  determined  to  heat  it  electrically,  by  making  it  generate  a 
very  strong  current.  The  method,  by  the  way,  proved  quite  suc- 
cessful, and  the  armature  in  due  time  became  quite  dry  and  the 
insulation  increased  until  it  became  perfect.  In  order  to  avoid 
undue  potentials  that  might  cause  a  leakage  through  this  low  in- 
sulation, the  machine  was  run  at  as  low  a  potential  as  we  could 
possibly  run  it,  in  order  to  get  the  necessary  current.  In  other 
words,  what  we  endeavored  to  do  was  to  run  the  very  heavy  cur- 
rent through  the  armature  at  the  lowest  possible  potential  at 
which  we  could  generate  it,  so  as  to  have  plenty  of  heating  ejBEect 
and  very  little  potential  that  would  cause  any  leakage  through 
the  armature  or  to  the  core.  For  this  purpose  we  proceeded  in 
two  ways,  first  by  reducing  the  speed  of  the  engine  which  ran  the 
dynamo  to  the  lowest  practicable  speed.  But  as  it  was  a  Corliss 
engine,  or  an  engine  of  the  slow  speed  type,  which  does  not  ad- 
mit 01  being  reduced  in  speed  very  greatly  without  danger  of 
** stalling"  at  the  dead  centre,  we  had  to  make  the  rest  of  the 
reduction  by  reducing  the  field  of  the  dynamo.  It  was  a  com- 
pound machine,  and  we  reduced  the  current  through  the  field 
until  we  had  only  about  one  third  the  number  of  ampere  turns 
and  possibly  less.  We  could  not  measure  it  exactly,  because 
the  amount  of  current  was  rather  small  and  the  ampere  meters 
we  had  at  our  command  would  not  give  us  very  great  precision. 
At  any  rate,  the  potential  was  reduced  to  something  like  50  volts 
from  300.  Under  these  conditions  we  found  that  we  carried  not 
only  the  full  current  that  the  machine  would  normally  carry  at  its 
iuli  potential,  but  we  could  carry  a  good  deal  more,  15  or  20 
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per  cent,  more,  without  any  sparking  at  all,  poeeibly  less  than 
with  full  load  at  normal  e.  m.  f.  I  think  that  the  explanation 
given  by  Mr.  Leonard  is  fairly  consistent  witli  the  facts.  The 
auionnt  of  energy  that  is  concerned  in  the  reversal  is  small,  be- 
canse  the  voltage  is  veir  small,  so  that  the  energy  involved  is  a 
very  small  quantity.  Under  those  conditions  the  neutral  point 
seems  to  be  much  wider.  It  is  quite  evident  that  with  the  full 
p<>tential  there  would  be  a  much  greater  difference  of  potential 
per  segment  of  the  commutator.  At  full  e.  m.  f.  the  difference 
of  potential  between  the  first  two  segments  on  either  side  of  neu- 
tral line,  multiplied  by  the  current  carried,  would  have  been  a 
greater  amount,  and  naturally  would  iiave  caused  a  greater  dis- 
turbance at  the  commutator.  I  simply  mention  this  fact  to  ver- 
ify the  observation  of  Mr.  Leonard  that  it  is  possible  to  run  a 
machine  with  a  much  higher  current  than  the  same  machine  can 
be  run  at  a  higher  potential. 

Mb.  Nelson  W.  Perby  :— I  would  like  to  refer  to  the  seventh 
condition  mentioned  by  Mr.  Leonard :  "  The  retardation  of  the 
"  load  in  coming  down  grades,  and  in  stopping,  shall  be  effected 
"  by  converting  the  motors  into  generators,  which  shall  feed  back 
"  current  to  the  line,  and  thereby  assist  the  power  station  in  ope- 
"  rating  other  locomotives."  Mr.  Sprague  tried  some  experi- 
ments, I  think,  on  the  Third  Avenue  Railroad  some  years  ago, 
to  determine  what  portion  of  the  energy  consumed  was  usefuilv 
employed,  or  employed  in  operating,  and  how  it  was  employed. 
My  recollection  is,  that  he  found  that  about  83  per  cent,  of  all 
the  energy  consumed  was  utilized  in  overcoming  gravity  and  the 
inertia  oi  trains,  leaving  about  17  per  cent,  for  traction.  It  is 
evident,  if  we  can  accomplish  this  and  throw  the  energy  absorbed 
onto  the  line,  it  will  accomplish  a  very  great  economy,  because 
on  a  hilly  road  there  is  as  much  down  hill  as  there  is  up  hill, 
and  a  car  stops  as  often  as  it  starts ;  so  that  theoretically  we  have 
got  a  road  reduced  to  a  level  and  the  trains  of  constant  speed, 
not  varying.  Now  the  question  is,  whether  Mr.  Leonard  has  ac- 
complished this  in  his  plan.  Observe,  that  on  each  car,  what 
may  be  called  the  prime  mover  is  a  synchronous  motor.  A 
aynchronous  motor  does  very  little  useful  work  unless  it  is  in 
step  with  the  generator.  Suppose  we  are  operating  that  syn- 
chronouB  motor  as  an  alternating  current  generator.  Its  speed  will 
vary  with  the  speed  of  the  car.  If  we  are  checking  our  car  it 
goes  from  maximum  down  to  zero.  Now,  the  second  car  that  is 
on  the  road,  in  order  to  do  any  useful  work  at  all,  would  have  to 
keep  step  with  the  generator.  But  we  see  that  it  is  changing  in 
the  number  of  its  alternations  per  second  constantly,  so  that  it 
seems  to  me  that  it  would  give  no  benefit  at  all,  probably,  to  the 
second  car,  because  that  synchronous  motor  would  have  to  keep 
in  step  with  the  other,  because  it  is  constantly  going  down  to 
zero.  Then  the  question  comes  up,  can  he  throw  any  energy  on- 
to the  line  in  that  way  ?     He  has  got  to  have  an  electromotive 
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force  which  is  equal  to  that  of  the  line.  Otherwise  he  can 
throw  no  current  onto  the  line  at  all.  Everybody  knows  that 
in  coupling  up  generators  in  multiple  arc,  in  our  generating 
stations,  we  have  got  to  take  great  precautions  conuecting  across 
from  the  armature  of  one  to  the  field  of  the  other,  so  that  one 
will  not  drive  the  other  as  a  motor  by  a  slight  increase  of  electro- 
motive force.  There  is  only  one  condition  in  which  he  can 
throw  energy  onto  the  line  by  reversing  his  synchronous  motor, 
and  that  wm  be  when  the  armature  is  revolving  at  such  a  speed 
by  producing  500  volts,  if  that  is  the  voltage  of  his  trolley  wire. 

Mr.  Sprague  has  also  said  that  by  reversing  the  motor  and 
converting  it  into  a  dynamo  he  conld  throw  energy  onto  the 
line,  but  f  do  not  see  how  he  can,  unless  that  motor  generates  an 
electromotive  force  of  500  volts.  In  series  arrangements,  if  you 
reverse  your  motor  and  make  a  generator  of  it,  it  will  contri- 
bute energy  to  your  line  up  to  the  last  turn  of  the  armature. 
But  on  multiple  arc  I  do  not  see  how  it  is  possible  to  throw  it  on 
except  in  a  very  special  case. 

Mr.  Leonard  : — I  think  that  Mr.  Perry  has  not  understood  the 
function  of  the  synchronous  motor.  He  speaks  of  it  as  varying 
in  speed  from  zero  to  full  speed.  A  synchronous  motor  is  neces- 
sarily running  at  a  synchronous  speed  constantly  in  one  direction, 
and  there  will  be  a  theoretical  change  in  speed  between  its  per- 
formance as  a  generator  and  a  motor,  but  it  will  be  very  slight 
indeed.  When  the  locomotive  is  being  brought  to  rest  it  will  be 
exactly  equivalent  to  having  two  alternating  current  generators 
operating  in  multiple  with  each  other,  each  producing  current  as 
a  generator.  But  it  will  perform  just  as  when  a  motor,  and  con- 
tinue in  synchronism  and  at  the  same  speed  as  the  generator. 
There  is  a  theoretical  slight  falling  off.  There  is  not  exactly  a 
falling  off  in  speed,  even  then.  The  armature  moves  a  little  in 
its  relative  position  in  the  field.  But  the  number  of  waves  per 
second  is  the  same  as  before  and  its  speed  will  be  identically  tnat 
of  the  generator.  As  regards  putting  energy  back  into  the  line 
as  against  the  voltage  of  the  line,  I  agree  with  Mr.  Perry,  that  it 
is  impossible  for  any  single  motor  on  the  multiple  arc  system  to 
put  energy  back  against,  we  will  say,  500  volts,  down  to  a  con- 
dition of  rest,  because  your  electromotive  force  will  necessarily 
fall  below  500  volts  before  you  come  to  rest,  and  at  such  a  time 
as^that  you  can  put  no  energy  back  to  the  line.  Therefore  it  is 
necessary  to  have  something  in  the  shape  of  a  transformer,  so 
that  as  your  energy  which  was  originally  of  500  volts  falls  down 
from  500  volts  to  zero,  it  will  by  means  of  some  intermediate 
device  have  that  energy  continuously  transformed  up  to  500  volts 
and  a  little  higher  in  order  to  send  current  back  into  the  line, 
which  is  what  we  have  in  this  arrangement.  If  you  take  this 
final  motor  and  drive  it  so  as  to  produce  20  volts,  you  can  make 
the  first  machine  there  prodnce  the  full  electromotive  force  that 
it  receives  from  the  line,  and  more.     It  would  produce  much 
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more  except  for  the  retardation  of  its  armatare  by  the  work  that 
it  is  doing  in  feeding  current  back.  We  take  500  volts  from  the 
line  to  the  first  motor  and  through  the  transforming  arrangement 
we  produce  20  on  the  final  motor.  We  can  reverse  that.  We 
can  produce  20  by  the  last  one  as  a  generator  and  have  500  feed- 
ing into  the  line  from  the  first  one  operating  as  a  generator. 

Mr.  Pebrt  : — Mr.  Leonard  misunderstands  what  I  said  in  re- 
gard to  tlie  synchronous  motor.  What  I  meant  was  that  you  are 
driving  through  a  connecting  link — through  the  momentum  of 
the  car  acting  on  the  car  wheel.  Now,  as  Uie  car  slackens  up  the 
armature  of  your  synchronous  motor,  now  converted  into  a 
generator,  will  slacken  up. 

Mr.  Leonard  : — No.  You  have  not  understood  the  arrange- 
ment, Mr.  Perry.  The  final  motor  in  the  diagram,  l,  connected 
with  the  wheel  is  the  only  one  whose  armature  has  any  relation 
to  the  speed  of  the  car.  It  is  connected  with  tlie  wheel  of  the 
car  and  it  will  slow  down  and  speed  up  as  the  locomotive  does. 
The  other  two  will  run  continuously  at  a  constant  rate  of  speed, 
regardless  of  whether  the  locomotive  is  at  rest  or  in  motion. 

Mr.  Perry:— The  middle  machine  is  excited  then  by  the  cur- 
rent generated  by  the  street  car  motor,  is  it  not? 

Mr.  Leonard: — No.  It  is  excited  as  shown  in  the  diagram 
there.     There  are  various  means  of  accomplishing  that. 

Mr.  Perry: — As  the  armature  of  the  car  motor  slackens  down, 
the  electromotive  force  of  your  generator,  of  your  motor,  will 
slacken  down  and  its  speed  will  be  reduced,  and  it  is  connected 
with  the  armature  of  your  synchronous  motor,  is  it  not? 

Mr.  Leonard: — Since  they  are  both  motors  and  generators  at 
different  times,  which  machine  do  you  refer  to  ? 

Mr.  Perry:— As  the  armature  l  slackens  down,  the  annature 
of  K  will  slacken  down. 

Mr.  Leonard: — No,  the  armature  of  k  continues  at  a  con- 
stant rate  of  speed  under  all  conditions. 

Mr.  Perry  :— Not  if  it  is  run  by  n. 

Mr.  Leonard  : — It  is  only  run  by  n  when  n  furnishes  electro- 
motive force  sufificient  to  operate  k  at  its  full  speed  and  tends  to 
drive  it  faster. 

Mr.  Perry  :— But  under  all  conditions  constant? 

Mr.  Leonard: — That  is  the  only  condition  under  which  it 
will  come  to  rest. 

Mr.  Perry  : — Now  as  to  the  svnchronism,  the  motor  which  is 
supposed  to  be  helped  along  will  have  to  keep  step  with  that. 
You  admit  it  will  not  feed  back  unless  it  generates  an  electro- 
motive force  of  500  volts  ? 

Mb.  Leona^rd: — Yes,  but  I  did  not  assume  that  the  speed  of 
that  machine  k  is  going  to  change  at  all,  practically  speaking. 

Mr.  Perry  : — It  will  not  be  when  you  are  running  that  as  a 
generator,  because  the  electromotive  force  of  l  will  vary  with  its 
speed. 


92  LEONARD  ON  ELECTRIC  RAIL  WA  T8,  [Feb.  21 , 

Mr.  Leonard  : — There  is  no  mechanical  connection  between  l 
and  K.  When  I  have  a  low  electromotive  force  produced  by  l 
as  a  generator,  and  supply  to  the  armature  of  k  as  a  motor,  the 
field  of  K  is  very  weak — ^so  weak  that  the  low  electromotive 
force  of  that  armature  does  run  it  at  its  full  speed  still. 

Mr.  Pkrry  : — I  see. 

Mr.  Curtis  : — In  order  to  have  the  electromotive  force  of  the 
motor  L — in  order  to  have  h  a  generator,  when  that  car  begins  to 
slow  down,  it  is  necessary  that  the  field  capacity  of  l  should  be 
capable  of  being  enormously  increased,  isn't  it? 

Mr.  Leonard  : — No,  sir.  The  reverse  is  equally  true,  that  you 
can  make  it  a  generator  by  weakening  the  field  of  k,  which  is 
what  is  done. 

Mr.  Curtis  : — Suppose  it  is  a  generator,  suppose  you  are  go- 
ing down  hill  and  you  want  to  have  l  generate  current  and  feed 
it  to  the  line.  When  you  are  running  at  full  speed  it  will  do 
that  all  right  of  course.  But  as  you  merely  reduce  your  speed 
and  net  down  to  say  about  25  per  cent,  of  your  original  speed, 
in  order  to  make  that  feed  into  the  line,  it  is  necessary  to  increase 
the  speed. 

Mr.  Leonard  : — No,  sir.  When  you  come  to  slow  down  you 
do  it  by  weakening  the  field  of  k. 

Mr.  Curtis:— \  on  do  not  have  to  feed  against  500  volts.  You 
feed  against  a  correspondingly  reduced  voltage. 

Mr.  Leonard  : — 1  es,  considering  the  flow  of  current  from  l 
to  K.  But  as  regards  the  flow  of  current  from  h  to  the  line,  that 
is  continually  600  volts. 

Mr.  Curtis  :— rBut  you  weaken  your  direct  electromotive  force 
from  K Just  as  fast  as  l  does  ? 

Mr.  Leonard: — Yes.  Perhaps  after  this  discussion  the  opera- 
tion of  this  apparatus  can  be  better  understood.  When  that 
motor  was  running  at  fnll  speed,  and  the  field  rheostat  horizon- 
tal, to  bring  it  to  rest  I  broke  the  fleld  of  k  rapidly  but  gradually 
through  a  large  number  of  steps.  We  will  say  that  k  was  pro- 
ducing 250  volts  and  the  counter  electromotive  force  of  l  was 
perhaps  240.  The  moment  I  began  to  weaken  the  field  of  k,  the 
momentum  of  l  kept  its  counter  electromotive  force  up  tempo- 
rarily and  the  counter  electromotive  force  rapidly  became  larger 
than  the  impressed  electromotive  force  of  k.  Consequently  the 
current  went  back  into  k  which  was  retarded  in  its  efforts  to  go 
faster  by  the  fact  that  it  is  driving  n  which  becomes  a  generator 
to  feed  current  against  the  line. 

Mr.  Curtis  :— In  one  case  k  is  feeding  a  surplus  of  electro- 
motive force  to  L  with  a  varying  amperage  and  rising  electro- 
motive force  and  diminishing  amperage,  and  when  you  are 
slowing  exactly  the  reverse  takes  place,  tnat  is  l  feeds  k. 

Mr.  Leonard  : — That  is  right. 

Mr.  Curtis: — ^What  net  result  of  eiBciency  have  you  secured 
as  compared  with  a  rheostat  control  ?     Take  a  case,  for  instance, 
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where  you  are  operating  a  traveling  crane  under  ordinary  cir- 
cumstances, constantly  starting  up  and  reversing,  and  so  on. 

Mb.  Leonard  : — Well,  the  efficiency  of  a  series  motor  that  is 
used  on  a  traveling  crane  by  the  rheostat  methods  is  practically 
proportionate  to  its  speed.  The  field  is  saturated  by  the  mini- 
mum amount  of  current  that  any  load  requires.  There  is  but  a 
slight  change  of  field  strength  from  the  current  required  to 
handle  the  lightest  load  and  the  current  required  to  handle 
the  largest  load.  Consequently  the  field  is  continually  satu- 
rated, and  if  it  is  saturated,  the  counter  electromotive  force, 
which  is  directly  proportioned  to  speed,  is  the  measure  of  effi- 
ciency. Consequently,  theoretically  my  efficiency  would  be  iden- 
tical with  theirs  under  the  condition  or  full  speed  and  would  be 
ten  times  as  great  at  one-tenth  speed,  twice  as  great  as  theirs  at 
half  speed,  etc.,  and  the  tests  made  by  William  Sellers  &  Co.,  of 
Philaaelphia,  who  are  using  the  method,  show  that  that  is  borne 
out  exactly  in  practice.  Every  loss  that  was  anticipated  was 
exactly  where  it  ought  to  be,  and  there  was  no  loss  and  no  result 
which  was  contrary  to  what  was  expected. 

Mr.  Curtis  : — What  I  meant  to  ask  is  what  is  the  net  result  on 
a  thing  like  a  traveling  crane  of  using  these  three  pieces  of 
mechanism. 

Mb.  Leonard  : — ^Well,  the  amount  of  energy  saved,  which 
would  otherwise  be  wasted  in  the  rheostat,  may  not  be  a  very 
important  factor.  Of  course  it  is  all  saved,  whatever  it  is. 
There  is  no  waste  in  this. 

Mr.  Curtis  : — Have  you  made  any  test  to  show  that  ? 

Mr.  Leonard  : — Yes,  but  I  cannot  tell  you  what  the  efficiency 
is  except  by  involving  the  speed.  The  efficiency  in  this  system 
— barring  the  fixed  losses  of  C^  R  in  the  armature  and  the 
excitation  of  the  field  and  the  friction,  its  efficiency  is  constant 
regardless  of  speed. 

MB.  Curtis  :-^Tou  have  no  figures  then  of  the  net  advantage 
of  that  mode  of  controlling  ? 

Me.  Leonard: — No,  I  have  not  any  at  my  tongue's  end.  The 
test  made  by  William  Sellers  &  Co.  was  this:  They  placed  on  the 
floor  of  their  shop  a  jack-shaft  running  at  about  360  revolutions 
a  minute,  upon  which  they  placed  a  Drake  and  also  a  large  fly 
wheel  of  a  punching  machine  which  had  about  four  feet  diameter 
and  about  five  inches  square  of  metal  in  the  rim.  The  jack-shaft 
was  driven  by  a  ten  horse  power  220-volt  Sprague  motor,  whose 
current  normally  would  be  about  40  amperes  maximum.  This 
fly  wheel  was  then  driven  at  full  speed  in  either  direction  and 
reversed  at  will.  The  biggest  duty  that  it  had,  probably,  was  in 
accelerating  and  retarding  that  fly  wheel.  When  it  was  at  full 
speed  in  one  direction,  and  while  the  brake  was  ojS,  and  therefore 
the  effect  of  the  momentum  would  be  a  maximum,  the  field  con- 
troller of  the  generator  was  instantly  reversed.  Then  the  en- 
deavor of  the  motor  was  to  reverse,  but  the  fly  wheel  insisted  on 
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its  going  forward  temporarily  as  a  generator!  Finally  the  gener- 
ating action  was  sufficient  to  cause  the  motor  to  be  broae^ht  to 
rest,  and  then  it  started  ap  instantly  to  accelerate  the  fly  wheel  to 
full  speed  in  the  other  direction,  and  there  was  an  entire  absence 
of  sparking.  At  that  time  of  reversal  of  the  motor  armature, 
and  at  the  time  when  the  feed  was  first  reversed,  the  armature 
•current  was  102  amperes  while  the  rated  full  load  current  for  the 
motor  was  40  amperes. 

The  feature  of  the  method,  which  in  the  case  of  traveling 
<;rane8  makes  it  a  point  of  advantage,  is  not  the  amount  of  cotd 
that  is  saved  or  the  elSect  of  fluctuating  load  on  the  engine  so 
much  as  it  is  nicety  of  control  by  this  mechanism.  No  brake  is 
used  in  handling  a  load.  The  retardation  is  effected  electrically. 
That  same  thing  is  applied  to  electrical  elevators.  When  1  first 
introduced  it  both  William  Sellers  &  Co.  and  Otis  &  Co.,  who 
are  using  it,  said  that  they  were  not  at  all  inclined  to  use  this 
method  tor  braking,  because  while  theoretically  it  might  be  all 
right  they  had  not  had  confidence  enough  in  it  to  retard  fifty 
tons  with  it  while  running  above  the  workmen  in  a  shop,  and  in 
the  other  case  to  stop  an  elevator  full  of  people  and  moving  260 
feet  a  minute.  But  in  normal  practice  they  are  using  it  without 
any  mechanical  brake  at  all,  because  the  braking  action  in  this 
device  is  far  superior  to  what  can  be  gotten  by  a  mechanical 
brake.  A  mechanical  brake  should  be  applied  with  the  maxi- 
mum torque  at  the  beginning.  We  are  all  familiar  with  the  way 
a  street  car  operator  will  put  his  brake  on — very  hard  at  the  be- 
ginning and  release  it  a  bit  as  the  car  slows  down.  The  braking 
torque  should  be  a  minimum  as  it  comes  towards  rest.  With  the 
ordmary  brake  shoe  it  is  a  minimum  at  high  speed.  In  this  in- 
stance, the  amount  of  current  for  the  reversal  of  this  fly  wheel, 
the  retarding  torque  is  102  amperes  in  a  constant  field  in  the 
first  instance,  and  as  it  came  to  rest  it  was  gradually  reduced  to 
almost  nothing.  So  that  that  the  effect  of  it  with  a  moving  load 
is  extremely  smooth,  and  far  more  smooth  than  can  be  accom- 
plished by  retardation  by  a  friction  brake. 

Mb.  Curtis: — How  much  fiuctuation  do  you  find  that  that 
makes  in  the  primary  current? 

Mft.  Leonaed: — Very  little.  The  primary  current  in  any  case 
I  have  seen  is  a  maximum,  with  minimum  load  at  full  speed. 

Mr.  Curtis: — But  when  you  reverse,  dont  you  get  an  increase 
in  the  maximum  ? 

Mb.  Leonard: — No,  we  get  a  very  large  current  in  the  sec- 
ondary at  that  time  but  a  correspondingly  low  voltage.  I  re- 
versed it  repeatedly  there,  and  the  minimum  speed  represents 
the  minimum  current,  from  the  supply  line,  under  reversal  or 
otherwise. 

Mr.  Curtis: — It  can  put  an  additional  load  on  the  generator, 
can  it  not — the  primary  generator  of  your  system,  the  genera- 
tor connected  with  your  alternating  motor? 
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Mr.  Leonakd  : — It  puts  a  very  large  current  on  that,  but  that 
larffe  current  is  produced  by  very  few  volts. 

Mr.  Curtis  : — I  understand.  But  doesn't  it  rise  above  the  nor- 
mal? 

Mr.  Leonard  : — Do  you  mean  tlie  full  load  ? 

Mr.  Curtis  : — When  you  reversed  this  fly  wheel,  for  instance, 
what  were  you  feeding  with — an  alternating  current? 

Mr.  Leonard  : — No,  a  continuous  current. 

Mr.  Curtis  : — And  it  did  not  affect  the  generator  there  at 
all  ?  It  did  not  affect  the  motor  that  you  fed  from  your  primary 
source  of  current  ? 

Mr.  Leonard: — I  do  not  quite  follow  you  there.  But  per- 
haps I  can  answer  your  question  in  this  way.  Supposing  we  were 
running  at  full  speed  under  a  brake  load,  for  instance.  We  might 
have  40  amperes  taken  from  the  line  If  we  reverse  the  motor 
that  supply  current  would  come  down  gradually  to  zero  and  then 
go  up  again  to  40.  When  we  are  reversing  and  have  no  volts 
there  are  no  amperes  on  that  circuit. 

Mr.  George  Hill: — The  paper  starts  with  the  statement: 
*'  Let  us  suppose  that  we  are  called  upon  to  act  as  engineers  for 
*'  a  steam  railway  desiring  to  operate  its  line  by  electric  locomo- 
*'  tives."  This,  it  seems  to  me,  removes  the  paper  altogether 
from  the  realm  of  theory,  and  brings  the  method  of  operation 
down  to  the  question  of  dollars  and  cents.  We  already  have  in 
our  capital  account  the  cost  of  machines  that  will  carry  a  pas- 
senger from  A  to  B  with  a  certain  expenditure  of  coal.  The 
change  then  must  be  accomplished  in  such  a  way  that  the  inter- 
est on  the  capital  account  shall  be  less  than  the  cost  of  the  fuel 
consumed  by  the  steam  locomotive,  plus  a  certain  amount  for  in- 
terest, repairs,  depreciation  and  things  of  that  sort.  This  is  a 
question  that  the  paper  does  not  in  any  way  touch  on.  It  seems 
as  though  it  were  a  matter  of  course  that  the  capital  account  for 
such  a  complicated  installation  as  is  here  given  must  give  an  in- 
terest account  very  largely  in  excess  of  any  possible  saving  of 
fuel.  So  far  as  I  can  learn,  the  question  of  restoring  energy  to 
the  line  is  one  which  works  out  very  beautifully,  theoretically ; 
but  as  a  practical  result  it  is  represented  by  zero,  and  in  the  pre- 
sent case  is  of  no  importance  since  the  power  costs  nothing.  The 
efficiency  called  for  under  heading  9,  50  per  cent,  seems  to  me 
to  be  very  much  in  excess  of  anything  that  is  practically  possible. 
If  we  take  the  successive  steps  given  on  the  diagram,  Fig.  1, 
page  77,  and  assign  an  efficiency  of  95  per  cent,  to  generator  a, 
and  95  per  cent,  to  the  transformer  b,  80  per  cent,  to  the  line, 
which  IS  Mr.  Leonard's  own  figure,  and  then  95  per  cent,  to 
transformer  d,  90  per  cent,  to  the  line  f,  90  per  cent,  to  the 
synchronous  motor  h,  90  per  cent,  to  k,  80  per  cent,  to  l,  and 
then  80  per  cent,  for  transmission,  we  get  a  resultant  efficiency 
of  32.2  per  cent.,  which  is  somewhat  below  the  50  per  cent, 
limiting  condition  given  by  Mr.  Leonard.     If  instead  ot  that  we 
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take  what  is  commercially  probable,  and  run  our  efficiencies  back 
90,  80,  and  so  on,  we  get  16  per  cent.,  which  is  probably  correct 
for  the  best  possible  commercial  conditions.  So  tliat  if  we  were 
acting  as  engineers  for  a  line,  the  first  thing  we  could  do  would 
be  to  figure  up  our  capital  account  and  see  whether  the  entire 
cost  of  fuel  wnen  capitalized  would  afford  a  sufficient  amount  to 
install  any  apparatus,  and  then  we  would  be  in  a  position  to  take 
up  the  question  of  efficiency,  when  we  would  find  that  we  would 
have  to  nave  an  efficiency  higher  than  any  apparatus  operating  at 
the  present  day,  to  get  as  high  as  40  per  cent.;  while  if  we  took 
usual  conditions  as  a  guide  we  woula  probably  run  down  some- 
where around  10  which  is  only  a  little  bit  better  than  the  abso* 
lute  efficiency  of  the  steam  locomotive.  Looking  at  the  ques- 
tion from  the  very  broad  point  of  view  of  whether  or  not,  in 
order  to  improve  the  character  of  the  service,  increase  the  speed, 
or  for  any  other  desirable  change,  we  should  advise  a  change,  we 
would  at  once  be  confronted  with  a  host  of  other  difficulties.  No 
one  can  be  more  desirous  of  seeing  electric  appliances  brought 
into  general  use  than  myself,  nor  would  I  desire  to  take  the  posi- 
tion of  captious  criticism  of  anything  proposed,  but  I  do  tnink 
that  we  should  bear  in  mind  the  intensely  practical  nature  of  the 
age  in  making  suggestions,  and  develop  them  along  the  lines  in 
which  we  can  reasonably  expect  success.  Mr.  Leonard's  method 
of  motor  control  under  the  conditions  of  operating  printing  ma- 
chinery of  various  kinds,  electric  elevators  under  special  condi- 
tions, cranes  and  other  similar  uses,  is,  no  doubt,  much  the  best 
that  we  know  of  at  the  present  time.  Whether  it  is  the  best  for 
railway  operation  remains  to  be  seen.  The  plan  proposed,  cer- 
tainly contains  many  unknown  quantities,  and  they  should  be 
solved  before  an  attempt  is  made  to  apply  the  system.  For  ex- 
ample, what  would  happen  to  the  syncnronous  motor  if  the  trol- 
ley should  accidently  leave  the  line  ?  How  would  we  insulate  the 
20,000  volts?  Why  not  put  the  synchronous  motor  and  continu- 
ous current  generator  in  power  houses,  say  15  or  20  miles  apart, 
and  send  50u-volt  continuous  current  through  the  line  instead  of 
the  alternating  current,  thus  putting  our  complicated  machinery 
where  it  could  be  attended  to,  having  on  the  car  nothing  but  a 
motor.  If  our  power  costs  nothing,  the  further  Question  would 
come  up  of  the  desirability  of  using  Mr.  Leonard  s  device  since 
it  is  strongest  from  the  fact  that  it  is  economical  in  its  consump- 
tion of  power,  and  power,  in  the  assumed  caae,  is  valueless. 

Me.  Charles  IIewi'it  : — There  is  one  point — I  do  not  know 
whether  Mr.  Leonard  has  brought  it  out  in  this  paper  or  not,  but 
he  haB,  in  describing  this  method,  intimated  that  by  using  it  and 
avoiding  certain  fluctuations  which  are  characteristic  of  street 
cars,  that  he  can  use  smaller  units.  Now  the  size  of  the  unit  is 
limited  rather  by  the  grades  on  a  road  than  it  is  by  the  starting 
effort,  and  the  same  would  apply  to  a  train  that  is  true  of  a  street 
car.     Any   machine  that  will  overcome  grades  at  satisfactory 
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speeds  on  ordinary  roads  ought  to  be  sufficient  and  will  be  suffi- 
cient to  start  the  car.  Therefore,  as  far  as  the  units  on  the  train 
itself  are  concerned,  we  cannot  save  anything  in  their  capacity. 
With  the  old  type  of  apparatus  on  street  cars  something  might 
l)e  saved  perhaps  in  generators,  but  I  do  not  see  that  it  can  in 
motors.  On  a  steam  railroad  of  100  miles  in  length  I  do  not  be- 
lieve we  can  save  anything  in  generators.  The  two  problems  of 
the  steam  railroads  and  the  street  car  roads  are  entirely  different. 
The  conditions  are  entirely  different.  In  the  first  place  I  think 
we  are  all  satisfied  that  we  cannot  compete  with  the  steam  loco- 
motive, except  for  very  high  speed  service.  Until  we  are  ready 
to  put  a  service  of  1 25  miles,  say,  or  something  above  what  we 
can  do  regularly  with  steam,  I  do  not  think  any  of  us  will  at- 
tempt to  compete,  so  far  as  original  cost  of  installation  or  cost  of 
operation  is  concerned.  But  tlie  hope  for  electric  traction  on 
long  distance  roads  is  in  high  speeds  which  cannot  be  obtained 
with  a  reciprocatin£r  engine,  ana  on  such  roads  as  that  stops  are 
very  infrequent.  1  believe  Mr.  Crosby  has  shown  in  one  of  his 
articles  that  we  cannot  afford  to  stop  a  train  running  at  that 
speed  in  distances  less  than  say  100  miles.  Well,  the  starts  and 
stops  on  such  a  road  as  that  would  be  a  matter  of  insignificance ; 
so  that  in  considering  such  an  apparatus  as  this,  we  must  com- 
pare it  only  with  other  electric  systems  which  we  can  use,  such 
as  the  direct  application,  as  we  use  it  in  the  street  car,  or  some- 
thing developed  from  that— some  simple  arrangement.  We 
would  have  to  leave  out  of  account  the  question  oi  economy  and 
compare  this  with  the  application  of  simple  apparatus,  and  in 
that  case  it  becomes  a  question  as  to  wnether  the  advantage 
gained  in  starting  and  stopping  once  in  100  miles  would  compen- 
sate for  the  extra  cost  of  such  an  arrangement  a&  this. 

Mr.  Leonard  : — The  gentleman  who  first  spoke,  figured  out 
the  efficiency.  He  called  attention  first  to  the  opening  para- 
graph, but  he  forgot  to  read  the  next  line  following :  "  There 
exists  a  very  economical  source  of  power,  possibly  a  water 
power."  There  is  no  intention,  although  I  do  not  grant  that  it 
IS  not  possible — there  is  no  intention  in  this  paper  to  try  to  prove 
that  the  production  of  power  by  steam  and  its  utilization  in  this 
way  is  going  to  be  more  economical  than  that  of  a  steam  locomo- 
tive. That  is  not  the  point.  The  point  is  that  there  may  be 
instances  where  a  very  economical  power,  such  as  a  water  power, 
is  running  to  waste  and  the  cost  of  using  it  practically  nothing 
after  being  once  developed,  and  we  are  therefore  putting  that, 
and  not  coal,  in  competition  with  the  present  cost  of  steam,  and 
furthermore  the  requirement  of  high  speed  service  is  probably,, 
as  Mr.  Hewitt  has  pointed  out,  going  to  be  the  means  of  bring- 
ing electric  locomotives  forward  if  anything  does.  No  one  i& 
going  to  change  his  equipment  of  steam  locomotives  for  electrie 
locomotives  merely  in  a  hope  of  economy  in  their  operation 
under  usual  conditions.     It  must  be  to  accomplish  somethini^ 
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that  cAnnot  be  done  by  a  steam  locomotive,  or  to  use  some  kind 
of  power  which  is  so  much  more  economical  than  coal  that  the 
net  result  is  better. 

As  regards  tlie  question  of  eflSciency,  I  went  through  the  same 
steps  in  arriving  at  the  figure  50  per  cent,  specified,  as  Mr.  Hill 
did.  But  my  figures  were  based  upon  commercial  apparatus 
such  as  makers  of  apparatus  of  first-class  type  would  be  willing 
to  guarantee,  and  I  did  not  assume  for  large  transformers  of  say  500 
horsepower  an  efiiciency  of  95  per  cent.,  nor  an  efliciency  for  large 
generators  of  90  per  cent.  The  fact  is,  that  you  can  secure  trans- 
formers of  a  size  such  as  this,  which  will  have  a  full  load  eflSciency 
of  97  or  98  per  cent.,  and  generators  which  will  have  an  eflSciency 
of  95  per  cent ,  and  there  is  no  reason  for  supposing  that  the 
motor  L  will  have  an  eflSciency  of  80  per  cent.  The  eflSciencies 
as  quoted  by  him  were  unnecessarily  low.  Taking  the  figures 
such  as  would  be  guaranteed  by  makers,  and  remembering  that 
the  motor  generator  has  much  less  loss  by  virtue  of  friction  than 
two  machines  ordinarily  belted,  etc.,  the  result  which  I  obtained 
ijvas  an  efliciency  of  52  per  cent,  for  the  combined  apparatus, 
even  with  20  per  cent,  in  the  transmission  line,  but  admitting, 
for  the  sake  of  argument,  that  it  is  40  per  cent.,  which  may  be 
80.  still  we  were  trying  to  operate  a  long  railway  100  miles  long. 
Now  the  question  is,  how  are  we  to  do  it?  And  this  paper  is  a 
suggestion  in  that  line.  Mr.  Hewitt  says  we  should  use  the 
simple  method  of  to  day.  By  the  "  simple  method  of  to-day,"  I 
suppose  he  means  500  volts. 

Mr.  Hewitt: — Not  necessarily  500  volts. 

Mr.  Leonard  : — Well  J  do  not  know  how  bv  any  *'  simple 
method  of  to-day  "  we  are  going  to  operate  a  railway  100  miles 
Jong. 

Mr.  Hewitt  : — I  simply  meant  a  motor  built  on  the  axle.  In 
fact  I  have  no  definite  plan  in  view,  but  I  mean  the  development 
of  some  such  plan  as  a  simple  device. 

Mr.  Hill  : — I  should  just  like  to  call  attention  to  the  fact  that 
in  my  statement  for  comparison  I  did  assume  that  the  fuel  would 
cost  nothing.  I  said  that  an  engineer  must  necessarily  compare 
the  interest  of  the  increased  capitalization  of  the  plant  with  the 
saving  in  fuel,  which  I  think  eflEectually  meets  Mr.  Leonard's 
point.  Concerning  the  efliciency  which  he  gets,  that  is  purely 
a  secondary  matter.  1  fiixd  it,  in  practice,  exceedingly  diflScuft 
to  get  makers  to  guarantee  machines  for  efficiencies  ten  per  cent, 
less  than  I  assigned  here. 

Mr.  Kennblly  : — I  would  like  to  ask  why,  in  the  opinion  of 
the  last  speaker,  the  practice  of  engineering  for  railroads  should 
depart  so  widely  from  what  has  been  the  recognized  practice  in 
ocean  locomotion.  Consider,  for  example,  the  journey  from  Liv- 
erpool to  New  York — a  saving  of  twelve  hours  in  transit  would 
■certainly  not  justify,  on  any  basis  of  economy,  the  enormous  in- 
crease in  the  volume  of  coal  burned  on  the  more  rapid  journey. 
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There  could  be  no  economical  arguofieut  for  any  steamship  con- 
struction to  reduce  by  a  few  hours  the  transatlantic  passage,  when 
it  is  recognized  that  the  amount  of  coal  burned  per  hour,  and  the 
engine  capacity  required,  increase  approximately  as  the  cube  of 
the  ship's  velocity.  Nevertheless  we  find  that  experience,  which 
is  the  safest  guide  in  these  matters,  is  continually  urging  on  steam- 
ship builders,  higher  rates  of  speed  and  further  coal  consumption. 
Surely,  if  the  electric  locomotive  will  enable  us  to  attain  a  higher 
speed  than  existing  methods  produce,  the  considerations  which 
have  justified  the  builders  of  ocean  steamships  in  seeking  for 
higher  speeds  at  the  expense  of  increased  coal  consumption 
should  be  equally  influential  in  favor  of  the  adoption  oi  the 
electric  locomotive  for  land  transportation. 

Mr.  Mailloux  : — There  is  one  point  that  seems  to  have  es- 
caped attention  in  this  discussion.  Assuming  that  we  are  able  to 
convert  the  power  back  from  the  car  axle  to  the  line  and  that  we 
finally  get  it  to  the  line,  what  will  it  do  there  ?  Those  whet  have 
investigated  the  problem  of  regulating  water-wheels  for  railway 
purposes  would  certainly  nqj  have  much  use  for  it.  Nor  do  1 
think  it  would  be  of  much  more  service  where  steam  engines 
were  used.  If  I  am  not  mistaken,  it  has  been  found  by  actual 
experiment  that  the  eflfect  of  restoring  energy  to  the  generating 
source  in  railway  work  is  to  interfere  greatlv  with  the  regulation 
of  the  generator,  if  not  to  make  it  entirely  erratic,  because,  as 
we  know,  the  curve  of  supply  of  current  on  railway  service  is 
itself  extremely  erratic.  There  are  periods  when  the  consump- 
tion is  very  great,  followed  rapidly  by  periods  when  it  is  ex- 
tremely small,  or  even  zero  What  may  be  the  eflfect  of  current 
being  restored  to  line  when  there  is  no  consumption  on  the  cir- 
cuit ?  We  can  readily  see,  since  the  energy  must  go  somewhere, 
it  will  go  back  to  the  station,  and  will  tend  to  make  the  engine 
"  race,"  just  as  a  corresponding  increase  of  load  would  tend  to 
slacken  its  speed.  In  a  water-wheel  we  can  do  nothing  but  shut 
off  the  supply  of  water.  Our  devices  at  present  are  quite  in- 
adequate to  prevent  the  water-wheel  from  racing,  even  when  we 
take  the  load  oflf  quickly,  to  bslj  nothing  of  what  it  must  do  when 
we  put  a  negative  load  on ;  m  other  words,  when  we  apply  a 
force  which  tends  to  make  it  revolve  without  the  application  of 
any  water  power.  We  readily  see  that  in  the  present  state  of  the 
art,  the  question  of  restoring  energy  to  a  railway  circuit,  where 
the  rate  of  consumption  is  at  all  unequal,  is  purelv  visionary  and 
impracticable,  because  there  is  no  means  of  utilizing  that  energy 
in  such  a  manner  as  to  render  it  serviceable  without  introducing 
veiy  serious  causes  of  disturbance.  It  will  only  be  when  we 
have  means  of  balancing  the  circuit  by  some  means  of  storing 
energy  in  the  circuit,  or  some  portion  thereof,  that  we  shall  be 
able  to  properly  and  satisfactorily  utilize  the  energy  restored. 

With  regard  to  eflSciency,  it  may  not  be  out  of  place  to  men- 
tion the  fact  that  what  we  have  to  deal  with  in  railway  practice 
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is  not  the  efficiency  of  full  load  by  any  means ;  that  it  is  on  the 
contrary  the  efficiency  of  a  load  whicn,  when  averaged  for  the 
whole  day  is  a  very  small  portion  of  the  full  load. 

Mb.  Hkwitt:— !rardon  the  interruption.  That  applies  on 
street  cars  and  not  on  a  long  distance  road.  It  would  not  apply 
even  on  a  suburban  road. 

Mb.  Mailuoux  : — Mr.  Hewitt  is  correct  on  that  point ;  but  the 
remark  still  applies  to  the  line  transformer  l  which  would  not 
work  at  constant  load,  unless  the  number  of  trains  be  always 
equal  to  the  number  of  such  transformers,  and  unless  the  trains 
are  always  under  the  proper  headway  to  keep  each  section  of  the 
line  and  each  transformer  constantly  loaded. 

Mr.  Wm.  Elmeb,  Jb.: — I  would  like  to  aek  a  question.  The 
author  of  the  paper  says,  when  the  field  is  reduced  to  zero,  the 
armature  of  the  motor,  being  driven  by  the  momentum  of  the 
car  will  send  the  current  through  the  armature  of  what  was  be- 
fore the  direct  current  generator,  and  that  will  drive  the  alter- 
nator. I  do  not  see  how  it  can  act  as  a  generator  when  there  is 
no  current  in  the  field. 

Another  point  I  thought  of  was,  that  supposing  an  engineer 
should  be  in  danger  of  collision :  he  would  suddenly  throw  his 
switch  from  one  side  to  another,  the  generator  would  be  thrown 
out  of  synchronism  and  the  whole  thing  would  be  left  dead ;  and 
how  can  the  generator  be  started  \^  hen  the  engine  is  to  be  taken 
out  of  the  round  house  in  the  morning  ? 

Mb.  Leonabd  : — In  regard  to  the  question  of  the  performance 
of  the  intermediate  machine  as  a  motor,  if  you  are  running  under 
condition  of  full  speed  and  you  gradually  weaken  the  field  of 
the  generator  to  zero,  that  field  does  not  instantaneously  reach  a 
condition  of  zero,  but  goes  down  gradually,  and  the  more  it 
tends  to  go  down  the  more  current  tends  to  go  into  it  as  a  motor 
and  tends  to  drive  it  fast,  and  the  greater  the  braking  action 
becomes  upon  the  armature  on  the  locomotive  axle,  because  it  is 
producing  a  very  large  amount  of  current  in  that  constant  field ; 
and,  of  course,  that  acts  as  a  brake  to  stop  it.  I  do  not  quite 
understand  what  the  last  speaker  meant  about  throwing  the 
alternator  out  of  step.  If  the  machine  were  running  at  full 
speed — the  train— and  the  field  of  the  generator  were  reversed 
so  that  the  propelling  motor  of  the  train  had  a  tendency  to  in- 
stantly reverse,  the  only  result  would  be  that  the  alternator, 
instead  of  running  as  a  motor,  would  be  driven  as  a  generator 
to  feed  current  to  the  line,  but  there  would  be  no  rapia  change 
of  load,  nor  would  there  be  any  excessive  load  on  the  alternator 
80  as  to  tend  to  throw  it  out  of  step.  The  intermediate  machine 
would  tend  to  speed  up,  but  it  would  not  speed  up  because  it 
would  be  continually  feeding  current  into  the  line  which  would 
be  acting  as  a  brake  for  itself. 

There  are  so  many  ways  of  bringing  up  a  synchronous  motor 
to  speed   without  load  that  I   did  not  indicate  any  particular 
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method.  One  simple  method  would  be,  eliminating  altogether 
the  performance  of  the  machine  as  an  alternating  current  motor 
at  slow  speeds,  to  have  a  motor  of  perhaps  two  or  three  horse 
power  connected  to  the  alternating  current  machine,  and  a  few 
cells  of  storage  battery,  which  would  run  that  little  motor.  Tliis  is 
eliminating  all  alternating  currents  and  showing  one  means  which 
it  is  self  evident  would  work.  A  few  cells  of  storage  battery 
would  run  a  small  motor,  which  would  run  the  alternating  motor 
up  to  synchronous  speed.  After  it  is  in  step  it  will  run  that 
same  small  motor  as  a  generator  to  keep  the  storage  battery 
charged  and  to  excite  the  field  of  the  synchronous  motor.  An- 
other method  would  be  to  use  such  a  device  as  is  used  on  the 
alternating  current  motor  of  the  type  of  the  Dahl  Company.  A 
third  way  would  be  to  have  the  field  wound  for  perhaps  50  volts 
and  the  armature  wound  for  500,  and  first  connect  it  in  series 
with  the  armature,  in  which  case  it  would  start  up  readily,  and  a 
switch  could  be  arranged  for  connecting  the  commutator  of  a 
continuous  current  winding  in  the  same  field,  to  supply  it  when 
at  full  speed.  There  are  half-a-dozen  well  known  ways  which 
are  possible  for  starting  an  alternating  current  motor  which  is 
only  to  start  under  friction  load,  and  which,  when  running  at  full 
speed,  excites  its  own  field. 

Mr.  C.  J.  Field: — I  came  here  to-night  seeking  information. 
1  think  we  have  come  to  a  time  in  electric  railroad  work  where 
we  have  got  to  take  these  problems  iip,  not  only  on  long 
distance  transmission  but  in  city  work.  We  are  having  enor- 
mous investments  of  capital  in  cables  and  other  means,  and  we 
have  got  to  take  up  some  method  of  higher  tension,  or  some 
method  similar  to  Mr.  Leonard's  of  alternating  current  to  do  our 
work.  What  we  ought  to  do  is  to  try  to  get  more  information 
on  the  subject  and  fiSvance  more.  If  Mr.  Sprague,  seven  years 
ago,  had  objected  to  everything,  as  the  majority  have  done 
to-night,  I  do  not  think  we  would  be  in  the  position  with 
electric  roads  that  we  are  in  to-day.  There  are  a  number  of 
points  in  Mr.  Leonard's  paper  that  are  good,  but  there  are  quite 
a  number  of  objections  to  oe  cleared  away.  One  is  the  question 
of  insulating  a  single  trolley  circuit  of  500  volts  with  the  alter- 
nating current.  Those  of  us  who  have  had  experience  trying 
to  insulate  a  direct  current  with  500  volts  would  want  to  go  to 
some  extraordinary  means  to  take  care  of  a  grounded  circuit  with 
500  alternating  volts.  The  proposed  apparatus  would  go  very 
well  on  a  large  electric  locomotive ;  where  would  it  be  put  on  a 
double  truck  36-foot  car?  That  would  virtually  be  having  a 
small  central  station  in  the  car.  I  do  not  want  to  be  taken  as 
trying  to  criticize,  but  I  want  information.  How  much  room  is 
the  apparatus  going  to  take  up  to  operate  an  ordinary  34  or  36- 
foot  car,  and  vmere  are  you  going  to  put  it  ?  Furthermore,  have 
we  got  sufficient  advantages  over  every  other  means  which  are 
now  being  proposed,  and  with  which  some  of  the  large  compa- 
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nies  are  experimenting  and  claim  they  are  about  ready  to  put, 
in — that  multipliase  motor  ?  Of  course,  the  objections  to  tliat 
the  carrying  too  high  tension  and  reducing  down  with  some  form 
of  rotary  or  other  transformer  is  a  question  of  several  trolleys — 
other  means,  the  rotary  transformer  and  the  direct  current,  which 
Mr.  Leonard  has  objected  to,  but  which,  on  a  road  of  100  miles, 
if  we  put  iive  or  six  of  them  along  the  line,  distributing  six  or 
seven  miles  each  way,  seems  to  have  many  advantages  if  we  are 
operating  from  a  water  power  plant. 

Those  are  all  questions  that  I  would  like  to  hear  discussed 
more,  for  the  reason,  among  others,  tliat  it  happens  at  the  present 
time  that  I  am  worrying  over  a  problem  of  this  kind — ^a  road 
100  miles  long  which  we  have  got  to  operate  with  electricity ;  to 
get  up  about  7,000  feet  elevation  at  a  good  deal  less  cost  than  a 
steam  road  can  be  built  for,  because  you  can  take  higher  and 
steeper  grades  than  a  steam  road  could  take,  and  thereby  largely 
reduce  tiie  cost.  We  can  operate  our  cars  witli  less  expense  man 
having  a  three  or  four  dollar  a  day  fireman,  or  engineer  and  lire- 
man  combined. 

These  are  a  few  of  the  points  I  would  like  to  present  for  your 
consideration. 

The  President  : — There  is  a  gentleman  here  we  would  like  to 
hear  from — Mr.  Woodbury,  of  Soston.  I  believe  he  is  not  a 
member,  but  I  am  sure  the  Institute  would  like  to  hear  from 
him  on  this  very  interesting  question. 

Mr.  C.  J.  II.  Woodbury  : — Although  I  am  here  as  a  guest,  I 
willingly  avail  myself  of  this  opportunity  of  expressing  my  ap- 
preciation of  the  paper  of  the  evening  on  Mr.  Leonard's  method 
of  connecting  motors  with  generators ;  and  in  the  consideration 
of  this  question  I  beg  to  depart  somewhat  from  former  speakers, 
who  have  confined   themselves  entirely  to   a  consideration   of 

Erinciples  "  Because,"  as  Jack  Bnnsby  wisely  concludes,  "  the 
earings  of  this  obserwation  lays  in  the  application  on  it." 
I  wish  to  call  your  attention  to  the  results  of  the  practical  ap- 
plication of  this  method  of  coupling  up  electric  motors  in  an  in- 
stance where  it  served  as  a  solution  of  the  problem  after  other 
methods  had  failed,  and  that  is  in  the  application  of  electric 
motors  to  the  operation  of  calico  printing  machines.  Calico 
printing  is  done  by  means  of  a  number  of  engraved  cylinders, 
from  four  to  eight  inches  in  diameter  and  wider  than  the  clotli, 
which  press  upon  a  large  drum  that  carries  the  cloth  under  these 
rollers.  This  drum  is  covered  by  a  belt  of  cloth  about  one- 
fourth  of  an  inch  in  thickness,  which  is  called  the  blanket,  and 
the  fact  that  these  rollers  are  forced  against  the  drum  with  great 
pressure  renders  this  type  of  macliine  a  very  difiicult  one  to 
start ;  the  conditions  being  analogous  to  the  starting  of  a  heavily 
loaded  wagon  on  a  soft  road. 

The  conditions  of  operation  require  that  the  printing  machine 
must  be  able  to  run  uniformly  at  any  desired  speed  within  its 
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limits  of  operation^  that  it  must  be  able  to  move  the  cloth  a  few 
inches,  and  that  it  mnet  start  and  stop  readily.  The  method  of 
using  a  two-cylinder  engine  in  the  print  room  has  been  hitherto 
the  best  approximation'to  the  desired  results.  The  obstruction 
of  desirable  floor  space,  the  heat  and  dirt  from  the  machine,  all 
being  especially  objectionable  in  this  place,  were  regarded  as 
necessary  evils. 

The  reconstruction  of  a  print  works  on  the  site  of  one  that  was 
burned  gave  an  opportunity  for  an  attempt  at  the  application  of 
an  electric  motor  to  driving  a  machine.  After  other  methods 
failed,  that  devised  by  Mr.  Xeonard  was  successful.  The  motor 
is  placed  on  the  mezzanine  floor  of  the  print  room,  on  what  is 
known  as  the  platform,  and  is  controlled  by  a  hand- wheel  and 
switch  at  the  front  of  the  machine.  It  has  been  in  operation 
over  two  years  with  the  most  satisfactory  results.  The  cloth  can 
be  moved  as  little  as  one  inch  if  necessary,  and  the  speed  can  be 
increased  to  any  desired  result  by  uniform  gradation  without  any 
shock. 

The  ability  to  stop  and  to  start  quickly,  as  well  as  to  run  the 
machine  in  such  a  unifonn  manner  also  allowed  for  its  operation 
at  a  greater  speed,  and  I  have  been  informed  that  the  production 
of  this  machine  exceeded  by  one- third  that  of  the  other  machines  in 
the  room.  When  it  is  considered  that  the  value  of  a  print  works 
plant  is  at  least  flfty  thousand  dollars  per  machine,  this  increase 
m  productive  capacity  is  of  great  importance.  It  is  said  that 
when  the  question  of  introducing  a  motor  into  these  print  works 
was  first  considered,  it  met  with  opposition  on  the  part  of  the 
help,  and  that  afterwards  when  the  practical  results  were  reached, 
those  employed  at  other  machines  wished  that  these  also  should 
be  driven  by  motors  In  fact,  as  a  result  of  the  experiment,  one 
of  the  firm  has  made  the  statement  that  if  he  were  to  build  a 
new  print  works  he  should  use  electricity  entirely  for  the  distri- 
bution of  the  power,  notwithstanding  that  the  value  of  exhaust 
steam  is  greater  in  print  works  than  m  almost  any  industry. 

Mk.  Joseph  Sachs: — One  of  the  points  made  in  the  paper  is, 
that  there  should  be  no  moving  apparatus  between  the  station  and 
the  car.  Is  not  the  objection  to  placing  the  apparatus,  that  is, 
the  additional  moving  apparatus,  upon  the  car,  quite  as  great 
as  that  to  placing  the  rotary  transformer  that  we  would  use  in  a  sys- 
tem of  the  kind,  along  the  road  i  A  rotary  transformer  does  not 
take  very  much  attention,  and  we  are  not  limited  to  placing  these 
transformers  at  a  distance  of  exactly  two  miles  apart.  The  loca- 
tion of  the  transformer  along  the  line,  transforming  the  alternating 
current,  from  a  high  tension  alternating  to  a  500- volt  direct  cur- 
rent, which  would  be  fed  direct  to  the  trolley  wire,  would  be,  per- 
haps, more  efficient  than  the  method  illustrated,  in  which  we  have 
at  least  one  more  transformation  to  be  met  with  than  in  the 
method  spoken  of.  The  location  of  a  500-horse  power  or  more* 
synchronous  alternating  motor,  and  a  constant  current  generator 
of  equal  power  upon  a  car,  with  the  necessary  devices  for  starting  a 
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sjnchronous  motor,  would  certainly  take  up  a  great  deal  of  room 
and  require  considerable  attention,  and  I  believe  that  although 
the  system  proposed  by  Mr.  Leonard  of  regulating  is  certainly  a 
very  practical  and  feasible  and  economical  one,  we  are  to-day  ob- 
taining very  economical  results  with  the  series  parallel  arrange- 
ment, and  we  can  certainly  have  some  other  form  of  keeping  a 
constant  field  of  the  motor  and  varying  the  field  and  torque  oy 
the  electromotive  force  and  current  passed  through  the  armature. 
It  is  true  that  the  location  of  transformers  alon^  the  line  would 
slightly  increase  the  first  cost  of  plant,  but  would  not  the  addi- 
tional simplicity  of  such  an  arrangement,  and  perhaps  the  some- 
what higher  etticiency  of  placing  the  apparatus  in  that  position, 
make  it  advisable  to  leave  off  everything  excepting  the  actual 
driving  motors,  from  the  locomotive  ?  Certainly  where  we  have 
a  very  long  road  of  say  one  hundred  miles  and  very  few  trains 
moving  thereon,  the  devices  proposed  by  Mr.  Leonard  would 
certainly  be  most  advisable  to  be  used.  But  where  there 
are  a  comparatively  large  number  of  trains  moving  on  a  long  road 
1  should  think  the  more  acceptable  plan  would  be  to  make  the 
transformation  from  the  alternating  to  the  direct  current  outside 
of  the  moving  locomotive.  It  must  be  remembered  that  a  road 
of  this  kind  would  most  probably  be  operated  at  a  high  speed 
allowing  of  very  few  stops  in  the  distance  specified.  The  regu- 
lating apparatus  would,  therefore,  not  be  used  very  frequently. 
I  think,  furthermore,  we  are  not  absolutely  limited  to  one  con- 
tact but  that  two  wires  can  \ery  readily  be  used,  and  some 
form  of  motionless  transformer  with  a  multiphase  current  can  be 
utilized  without  the  various  rotary  transformers  that  would  be 
necessary  in  a  single  phase  alternating  system. 

The  f^REsiDENT: — Mr.  Leonard  will  close  the  discussion  unless 
some  other  member  wishes  to  speak. 

Mr.  R.  N.  Baylis  : — In  view  of  Mr.  Curtis's  demand  for  spe- 
cific figures  on  efficiency  and  in  regard  to  what  Mr.  Hill  and 
others  said  afterwards,  it  might  be  interesting  to  give  a  figure  in 
the  case  of  an  actual  test  on  that  arrangement.  About  the  time 
this  method  of  regulation  was  brouglit  out  I  had  occasion  to 
make  a  test  of  it  and  was  very  mucli  surprised  at  first  at  the 
value  of  the  efficiency  obtained.  The  arrangement  which  I  had, 
put  the  apparatus  under  very  unfavorable  circumstances.  I  had 
two  ten  horse  power  motors,  one  used  as  a  motor  and  the  other 
as  a  generator,  and  a  five  horse  power  hoist  which  had  a  double 
reduction  gear.  There  was  a  prony  brake  used  on  the  drum,  so 
that  it  made  the  apparatus  something  like  that  here  exhibited, 
and  with  all  that  gearing  and  with  the  full  load  on  the  drum, 
and  the  rheostat  so  arranged  that  the  speed  of  the  motor,  and  the 
speed  of  the  five  horse  power  motor — which  was  normally  about 
1,500,  was  about  190  revolutions,  the  efficiency  obtained  was 
about  70  per  cent.; — it  was  69  and  a  fraction  per  cent.  This  was 
the  total  efficiency  from  watts  supplied  first  motor,  to  brake  horse 
powjr  output  of  hoist  drum,  and  was  certainly  very  high  for  such 
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an  arrangement  as  that,  considering  all  the  gearing.  Regulating 
to  the  same  amount  with  an  ordinary  rheostat  on  series  would 
probably  have  given  forty  per  cent,  or  less  efficiency. 

The  Fbesident  : — If  there  are  no  others  who  wisli  to  speak,  I 
will  call  on  Mr.  Leonard  to  close  the  discussion. 

Mr.  Leonard  : — One  point  that  I  made  a  memorandum  in  re- 
^rd  to,  was  Mr.  Field's  statement  relating  to  the  possible  objec- 
tion that  might  arise  due  to  the  difficulty  of  insulating  a  500-volt 
alternating  current.  I  had  assumed  that  there  would  not  be  any 
particular  difficulty  in  insulating  that  pressure.  But  it  will  be 
evident  that  there  would  be  no  difficulty — it  will  make  no  altera- 
tion in  the  arrangement,  and  it  will  be  perfectly  feasible  to 
reduce  the  pressure  to  any  voltage  that  will  be  desirable,  and  the 
limiting  feature  of  that  of  course  is,  that  if  you  have  less  volts 
you  have  more  amperes  to  carry  through  your  contact.  Of 
course  if  you  are  going  to  deliver  energy  of  500  horse  power,  if 
you  have  low  volts,  you  must  have  amperes  correspondingly  large. 
I  supposed  that  500  would  probably  be  the  best,  because  500 
volts,  as  I  believed,  was  the  maximum  that  it  would  be  safe  to 
have  in  a  bare  conductor  overhead. 

As  regards  the  question  of  where  we  will  dispose  this  appara- 
tus, I  have  not  made  any  practical  tests  of  any  kind  with  this 
apparatus  upon  railways.  It  is  evident  that  until  a  considerable 
amount  of  money  is  available  to  be  spent  in  tests  of  a  compre- 
hensive nature  for  railways,  it  is  idle  to  take  it  up. 

The  last  paper  I  read  on  this  subject  was  relative  to  the  appli- 
cation of  it  to  street  cars  on  existing  lines,  and  the  objection  was 
raised  to  it  which  Mr.  Field  has  raised,  that  there  would  be  diffi- 
culty in  disposing  of  the  motor  generator  on  any  ordinarjj^  street 
car.  In  the  case  of  a  locomotive  there  is  no  such  objection. 
There  is  plenty  of  room  on  a  locomotive  for  the  motor  genera- 
tor. You  neecl  the  weight  of  the  motor  generator.  If  you  do. 
not  have  the  motor  generator,  you  will  have  to  put  an  equiva- 
lent weight  in  the  shape  of  cast  iron  on  the  locomotive  to  get  the 
weight  that  is  required  for  traction.  I  purposely  in  this  paper 
dodged  this  question  of  where  you  will  put  the  apparatus,  by 
providing  a  place  that  is  big  enough  to  put  it  in. 

As  regards  the  question  of  whether  it  would  be  preferable  to 
have  the  sub-station  on  the  locomotive  or  the  sub-station  along 
the  line,  it  seems  to  me  there  is  every  advantage  in  having  the 
sub-station  on  your  locomotive.  In  tne  only  prominent  experi- 
ment that  has  been  made  yet  on  electric  locomotives,  the  whole 
central  station  is  on  the  locomotive ;  that  is,  Ileilmann's  locomo- 
tive where  he  has  his  coal  and  water  boiler,  and  engine,  and 
dynamo  and  motor  all  on  board.  I  notice  that  he  is  able  to 
operate  and  run  75  miles  an  hour  and  pull  14  cars  back  of  him, 
with  every  prospect  of  high  speed  work. 

As  regards  the  point  of  comparative  merit  of  putting  the 
transforming  arrangements  on  the  locomotive  or  along  the  line, 
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it  is  evident,  if  tliey  are  along  the  line,  they  are  §oing  to  require 
care.  If  they  are  in  motion  they  require  additional  operators, 
whieli  would  be  avoided  if  they  are  on  the  locomotive.  With 
my  fiystem  you  have  nothing  between  your  source  of  power  and 
your  locomotive,  about  which  your  engineer  hae  any  question 
whether  it  is  moving  or  whether  it  is  not.  lie  knows  that  when 
Auf  apparatus  is  all  right,  that  everything  back  to  the  central 
station  is  probably  in  good  working  condition.  There  are  not  a 
lot  of  rotating  transformers  and  all  that  which  must  perform  in 
order  to  be  sure  that  he  is  able  to  go. 

One  of  the  most  important  pomts  is  this:  The  locomotive 
carries  in  itself  sufficient  energy  to  take  care  of  its  own  train  at 
any  point  on  the  road.  But  if  you  have  a  sub-station  along  the 
line  the  sub-station  must  be  of  such  a  size  as  will  enable  it  to 
provide  power  sufficient  for  the  operation  of,  perhaps,  two  or 
three  times  the  usual  maximum  load  because  of  trains  that  may 
perchance  he  upon  that  section  at  one  time.  Every  one  of  those 
sub-stations  must  be  big  enough  to  take  care  of  this  unusual 
maximum  load.  Therefore,  your  sub-stations  must  have  a  veiy 
much  larger  amount  of  horse  power  installed,  than  the  amount 
installed  "upon  the  locomotives  when  each  locomotive  is  always 
taking  care  of  its  own  load  and  no  other  load. 

Another  point  is,  where  you  have  them  all  on  the  locomotive, 

{row  have  tiie  economy,  not  necessarily  of  stopping  once  in  a 
mndred  miles,  as  one  speaker  has  said,  but  of  taking  advantage  of 
down  grades  and  effecting  a  saving  of  energy,  which  you  would 
not  have  to  any  such  extent  in  a  sub-station. 

A  still  further  point  is  that  the  apparatus,  it  seems  to  me,  is 
much  simpler  to  handle  when  all  on  board  of  one  vehicle,  than 
when  part  of  it  is  in  one  place  and  part  of  it  in  another. 

As  regards  the  restoration  of  energy  to  the  line,  I  can  only 
give  the  results  of  practice.  It  seems  to  me  evident  that  there 
is  every  reason  for  having  some  kind  of  a  device  which  will  take 
advantage  of  the  energy  which  is  to-day  wasted.  The  statistics 
which  Mr.  Sprague  gave  in  the  past,  and  which  I  have  not  heard 
challenged  and  presume  are  accurate,  were  that  59  per  cent,  of 
all  of  the  energy  in  use  upon  the  Third  Avenue  Elevated  here 
was  used  in  getting  up  speed — acceleration  alone — and  that  24 
per  cent,  was  used  in  overcoming  the  grade.  Now,  if  24  per 
cent,  is  the  amount  of  energy  which  is  required  in  overcoming 
the  grade — the  lifting  effect,  entirely  independent  of  the  accele- 
ration and  traction,  certainly  it  Avill  be  worth  considemble  to 
save  a  large  fraction  of  the  24  per  cent.,  and  any  method  which 
will  restore  that  to  the  line  will  be  beneficial,  and  on  lines  which 
have  considerable  grade,  which  is  the  kind  of  road  that  electric 
locomotives  will  be  particularly  adapted  to,  we  will  get  a  very- 
much  more  marked  saving  due' to  this  restoration  of  energy  to 
the  line  than  in  such  a  road  as  the  Elevated. 

There  are  no  injurious  effects  in  practice  upon  the  engines  and 
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prime  movers  by  virtue  of  restoring  energy  to  the  line  by  this 
method.  That  has  been  very  clearly  demonstrated  in  the  case 
of  traveling  crane  service  and  in  elevator  service,  and  where  a 
very  large  amount  of  energy  is  restored  to  the  original  circuit. 
Of  course,  if  you  take  a  hypothetical  case  of  a  motor  going  down 
a  steep  grade  and  only  one  motor  in  use,  and  a  water-wheel,  or 
an  engine,  or  something  of  that  kind,  which  is  going  to  have  no 
other  work  to  do,  it  is  possible  to  conceive  that  the  energy  re- 
stored to  the  generator  driving  it  as  a  motor  might  cause  some 
little  trouble  m  the  central  station.  But  that  is  not  a  practical 
condition.  The  practical  condition  is,  that  you  do  have  more 
than  one,  and  that  you  will  never  reach  a  period  where  the 
energy  restored  is  going  to  make  your  engine  run  beyond  its  full 
speed,  and  even  if  it  does  tend  to,  the  engine  soon  begins  to  act 
as  a  brake  by  virtue  of  the  partial  vacuum — a  sort  of  pneumatic 
pump — it  tries  to  pump  air  and  it  acts  as  a  brake  first-rate. 

[communicated    Al-TEK    AD.JOUKNMENT    BY    MR.    (iE()R(}E    P.  LOW.J 

One  of  the  first  impressions  received  from  Mr.  II.  Ward 
Leonard's  paper  on  ''  Iiow  Shall  We  Operate  an  Electric  Rail- 
way 100  Miles  from  the  Power  Station,"  is  the  fact  that  in  the 
adoption  of  such  a  scheme,  or,  broader  still,  by  the  general  adop- 
tion of  alternating  current  as  the  energy  for  operating  electric 
railways  circuits,  a  long  step  in  advance  would  be  taken  in  re- 
lieving the  prevalent  msurauce  idea  that  trolley  circuits  form 
"uncontrollable"  hazards.  A  moment's  reflection  will  show 
that  500  volts  direct  current  is  more  hazardous  to  property  in- 
terests than  500  volts  alternating,  in  that  the  hazard  of  crosses  be- 
tween an  alternating  current  trolley  circuit,  and  the  various  aerial 
circuits  is  gi-eatly  reduced,  if  not  almost  eliminated  by  the  self-in- 
duction of  the  various  appliances  in  connection  with  such  aerial 
circuits,  and  that  the  electrolytic  destruction  of  water  mains  and 
underground  metal  work  would  be  a  thing  virtually  impossible 
of  occurrence  with  alternating  current  equipment.  The  use  of 
alternating  currents  for  overhead  trolley  circuits  is,  therefore,  to 
be  ex>mmended  from  these  points  at  least. 

A  belief  that  this  feature  is  of  material  concern  to  electric 
railway  people  and  the  public  in  the  larger  cities,  is  my  apology 
in  presenting  so  marked  a  deviation  from  the  original  theme. 
San  Francisco,  March  1 ,  1894. 

The  Pkesident  : — Gentlemen,  there  are  one  or  two  other 
items  of  business.  We  have  an  application  from  Chicago  to 
elect  a  local  honorary  secretary  so  as  to  pennit  local  meetings  to 
take  place.  Of  course  I  am  aware  of  the  fact  that  our  rules  re- 
quire this  to  be  acted  on  by  the  Council.  Mr.  Caldwell,  the 
gentleman  who  was  chairman  of  the  committee  making  the  ap- 
plication^ made  an  endeavor  to  get  the  application  before  tlie 
Council  at  its  meeting  to-day.     As  I  am  very  desirous  that  these 
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meetings  shall  be  held,  and  as  I  know  that  Council  is  desirous 
that  they  shall  be  held,  in  order  that  no  time  should  be  lost,  I 
have  taken  tlie  liberty  of  getting  an  informal  vote  from  all  the 
members  of  the  Council  here,  and  I  am  sure  that  you  will  author- 
ize the  little  irregularity.  I  will  therefore  announce  that  the 
Council  appoints  Mr.  Caldwell  as  local  honorary  secretary,  he 
having  obtained,  in  accordance  with  our  rules,  17  votes  of  the  20 
who  have  signed  the  report,  as  required  by  our  rules. 

There  is  a  final  piece  of  business  before  the  meeting,  and  that 
is  any  action  that  you  may  wish  to  take  as  to  the  report  of  the 
committee  on  changes  in  Kule  5 — ^the  election  rule.  This  re- 
port is  signed  by  Mr.  Herzog,  Mr.  Martin,  and  Mr.  Upton.  I 
am  not  quite  sure  as  to  whether  we  can  act  on  it  to-night  under 
the  rules.  To  amend  the  rales  at  any  regular  meeting  a  two- 
thirds  vote  of  the  members  present  is  required,  and  written  notice 
of  the  proposed  amendment  shall  be  given  out  at  the  previous 
meeting.  If  that  has  been  done,  I  suppose  these  rules  can  be 
passed  to-night.     What  is  your  wish  in  the  matter. 

Mr.  Phelps  : — There  is  some  obscurity  in  respect  to  the  rules, 
the  organic  laws  of  this  body,  and  I  think  such  a  matter  as  adopt- 
ing a  cnange  in  the  rules  oi  election  ought  properly  to  be  left  to 
the  annual  meeting  in  May.  I  suppose  that  this  meeting  might 
express  its  views  in  regard  to  the  report  as  a  recommendation  to 
the  general  meeting.  The  election  occurs  but  once  a  year,  and 
a  great  many  of  our  members  who  live  at  distant  points  seldom 
reach  us  except  at  the  annual  meeting,  whether  it  be  held  in 
New  York  or  elsewhere.  We  can  hardly,  I  think,  with  any  pro- 
priety vote  upon  any  change  in  the  election  rules  in  respect  to 
their  effect  upon  the  election  to  occur  two  months  from  now,  and 
it  seems  to  me  it  would  be  wise  to  defer  any  action  upon  tliat 
report  until  the  general  meeting  in  May. 

Mr.  Leonard  : — I  move  that  this  question  be  laid  upon  the 
table. 

Mr.  Upton  : — I  think  some  action  should  be  taken  on  this 
report  of  the  committee  in  view  of  the  coming  election.  The 
present  amendments  here  are  merely  to  make  clearer  the  inten- 
tion of  the  former  rules.  This  matter  was  brought  up  at  the 
annual  meeting  and  referred  to  a  committee,  and  there  was  a 
general  understanding  that  these  amendmepts  should  be  placed 
in  the  rules,  and  I  think  there  should  be  a  vote  taken.  Tiiere  is 
no  change  from  the  spirit  of  the  former  rule. 

Thk  President: — What  is  your  wish ?  There  is  a  motion  to 
adopt,  and  there  is  a  motion  to  lay  on  the  table.  Neither  motion 
is  seconded. 

Mr.  Burnett  : — I  second  the  motion  to  adopt. 

Mr.  Phelps:. — I  am  wholly  of  one  mind  with  Mr.  Upton  in 
respect  to  the  desirability  of  a  revision.  I  have  no  doubt  about 
that  whatever.  But  in  view  of  the  somewhat  anomalous  situa- 
tion in  which  we  find  ourselves,  that  is  to  say,  with  sonie  doubt 
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whether  these  monthly  meetings  at  New  York  are  the  Institute, 
or  whether  the  Institute  is  only  the  body  of  people  convened 
at  the  annual  meeting  in  May,  it  seems  to  me  that  we  had  better 
defer  any  change  whatever  in  the  election  rules  until  May.  Our 
whole  organic  law  needs  revision.  It  is  in  a  somewhat  inchoate 
condition.  It  would,  I  think,  be  wiser  to  let  the  forthcoming 
election  be  held  under  the  old  rules  rather  than  to  have  any 
question  raised  hereafter  whether  this  meeting  had  the  right  or 
not  to  deal  with  the  election  rules. 

The  Secretaky: — There  is  one  provision  of  the  revised  rules 
which  it  appears  to  me  can  be  carried  out.  Under  the  proposed 
amendment  of  the  rule  by  the  committee,  it  says :  "  Opposite  the 
"  name  of  each  nominee  in  each  list  shall  be  printed  a  number 
"  indicating  the  number  of  nominations  received  by  him,  and  a 
"  suitable  explanation  of  these  numerals  shall  be  placed  on  the 
"  sheet."  Tnere  is  nothing  in  Kule  5,  nor  in  the  existing  rules, 
as  a  whole,  so  far  as  I  know,  to  prevent  this  being  done  now.  It 
would  have  been  done  last  year,  only,  as  far  as  I  could  iind  out, 
it  was  not  thought  judicious  to  put  the  numbers  there.  But  if 
the  committee  in  its  wisdom,  or  the  meeting,  or  any  person 
in  authority  deems  it  proper  to  put  those  numbers  there,  there 
can  be  no  question  as  to  the  right  of  inserting  them.  In  fact 
they  were  put  in  type  last  year  and  taken  out.  As  this  require- 
ment can  be  carried  out  under  the  present  rule,  it  leaves  nothing 
but  the  question  in  regard  to  the  envelopes. 

Mb.  Phelps: — I  think  it  would  be  hazardous  to  meddle  with 
the  rules  in  the  slightest  particular;  just  as  hazardous  as  it  would 
be  to  adopt  an  important  committee  report  at  this  time.  It 
seems  to  me  quite  clear  that  we  are  bound  to  go  on  till  the  next 
election  under  precisely  the  same  rules  as  we  had  last  year.  If 
we  adopt  the  suggestion  of  the  Secretary  we  might  as  well  adopt 
the  whole  report  of  the  committee  and  make  all  the  changes 
suggested  by  the  committee.  I  believe  the  motion  before  tlie 
house  is  the  adoption  of  the  report  of  the  committee. 

The  President: — There  is  a  motion  to  adopt  the  report,  and 
a  motion  to  lay  on  the  table.  The  motion  to  lay  on  the  table  is 
not  seconded.  Does  anyone  second  the  motion  to  lay  on  the 
table? 

Mb.  Phelps: — I  did  not  second  it,  as  I  understood  the  other 
motion  had  precedence. 

The  President  : — Then  I  will  put  the  motion,  if  the  meeting 
is  readv  for  the  question,  to  adopt  the  report  of  the  committee 
on  revision  of  the  rules. 

The  Secretary  : — I  would  like  to  ask  for  instructions.  Eule 
5  goes  on  to  say  that  the  nomination  circular  sent  out  by  the 
Secretary  shall  contain  a  copy  of  this  rule  ;  that  is,  a  copy  of  the 
existing  rule.  Now,  as  I  understand,  that  nomination  circular 
when  sent  out  containing  a  copy  of  that  rule,  is  for  the  purpose 
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of  inf omiiug  the  members  as  to  tlie  nile  of  the  Institute  govern- 
ing elections,  and  they  are  supposed  to  send  in  nominations  in 
accordance  witli  Rnle  5  as  sent  out  by  the  Secretary,  whicli  has 
already  been  done.  Now  if  we  adopt  this  amend^  rule,  have 
we  got  the  rieht  to  change  a  rule  that  has  already  partially  gone 
into  effect  and  has  been  nromulgated  under  the  lately  existing 
state  of  affairs  i  That  Rule  5  as  it  existed,  has  gone  out  to  the 
whole  membership,  and  under  that  the  election  machinery  has 
proceeded.  My  opinion  in  regard  to  this  is  that  having  promul- 
gated this  rule  as  it  stood  we  have  no  power  to  institute  another 
rule. 

Mr.  Phelps  : — Will  the  Secretary  read  Rule  5  again. 

The  Secretary  : — The  paragraph  that  I  referred  to  is  as  fol- 
lows : — "  During  the  first  weelc  m  February  of  each  year  the 
"  Secretary  shall  mail  to  each  full  and  associate  member  of  the 
"  Institute  a  list  of  members ;  a  list  of  the  offices  to  be  filled  at 
"  the  ensuing  annual  election  in  May,  giving  the  names  of  the 
"incumbents,  and  a  copy  of  this  rule,  wifli  the  request  that 
"  nominations,  propositions  and  suggestions  as  to  desirable  candi- 
"  dates  be  made  promptly  and  prior  to  March  1st."  Now  that 
had  to  be  done  according  to  the  rule.  I  liold  that  the  sending 
out  of  that  rule  to  the  membership  is  their  law  for  the  election. 
Copies  were  mailed  the  first  week  in  February. 

Mr.  Burnett  : — I  withdraw  my  second. 

Mr.  Phelps  : — Now  tliat  rule  has  been  sent  to  all  tlie  mem- 
bers of  the  Institute  by  the  Secretary,  and  that  reinforces  my 
point  that  no  variation  in  the  rule  should  be  made  between  now 
and  the  election. 

The  President  : — The  gentleman  who  has  made  the  motion 
has  withdra\^Ti  it. 

Mr.  Phelps  :  Tlien  I  second  the  motion  to  lay  on  the  table. 

The  motion  to  lay  on  the  table  was  carried. 

[Adjourned.] 


Incomplbted  Work  of  the  International  Electrical 
Congress  of  1893. 


The  following  circular  letter  lias  been  forwarded  to  the 
chairmen  of  the  sub-committees  of  the  Institute. 

Philadelphia,  February  23rd,  1894. 

A  meeting  of  the  Chairmen  of  the  different  sub-committees  on  Incom- 
pleted Congress  Work,  to  whom  was  referred  the  consideration  of  suitable 
standards  of  light  and  illumination,  was,  in  accordance  with  the  notice  al- 
ready sent  you.  held  at  the  rooms  of  the  American  Institute  of  Electrical 
Engineers,  New  York,  December  28th,  1893. 

At  this  meeting  the  proposals  and  enquiries  of  the  various  sub-committees 
were  considered. 

It  was  decided  to  defer  the  formulation  of  any  selected  course  of  experi- 
mental work  until  such  time  as  the  progress  made  in  any  branch  might 
render  collateral  organized  aid  an  advantage.  In  the  meantime,  however, 
it  was  thought  that  the  various  suggestions  which  had  been  oflFered  by  the 
chairmen  of  the  different  committees  should  be  exchanged  among  the  local 
committees,  not  only  w^ith  a  view  of  creating  new  interest  in  the  work,  but 
also  for  the  purpose  of  indicating  the  direction  alon^  which  the  various 
sub-committees  would  be  likely  severally  to  pursue  their  investigations. 

I  therefore  take  pleasure  in  sending  you  an  abstract  of  the  written 
suggestions  that  have  been  made  to  me  as  general  chairman  of  the 
committee. 

(a.)  Professor  Brackett  of  Princeton  University,  (December  4th,  1893,) 
considers  that  a  device  which  will  enable  a  given  source  of  light  to  be  com- 
pared with  a  suitable  standard,  without  the  intervention  of  the  eye  as  the 
means  ot  comparison,  need  not  be  despaired  of.  That  such  standard,  if 
found,  should  be  referable  to  the  fundamental  standards  of  length,  mass 
and  time. 

That  for  commercial  purposes,  a  convention  should  be  made  as  to  the 
definite  wave  lengths  that  should  be  considered  within  the  visual  spectrum, 

(b.)  Professor  Charles  R.  Cross  of  the  Massachusetts  Institute  of 
Technology,  Boston.  (December  25th,  1893,)  believes  that  a  measured  area 
of  a  fiame  should  without  doubt  be  a  better  standard  than  the  complete 
flame. 

Recommends  that  an  endeavor  be  made  to  secure  a  constant  and  definite 
section  of  flame  from  oil  or  gas  of  definite  composition,  and  that  observa- 
tion be  made  to  ascertain  how  far  this  may  be  subject  to  variation  of 
temperature  or  pressure. 

Suggests  that  an  examination  should  be  made  as  to  the  errors  which  may 
attend  the  use  of  a  chimney  with  the  methven  screen  ;  whether  square 
chimneys  could  be  used,  or  metal  chimneys,  or  chimneys  with  an  internal 
layer  of  lampblack. 

Recommends  that  the  influence  of  sectional  dimensions  in  the  carbon  arc 
upon  its  illumination  should  be  observed,  and  that  the  capabilities  of 
various  photometers  to  compare  lights  of  varying  colors  should  be 
examined. 

Suggests  that  the  device  of  rotating  an  incandescent  lamp  about  its  axis 
of  symmetry  in  the  pjhotometer  might  be  tried,  to  secure,  if  possible,  a  more 
uniform  average  horizontal  intensity  of  emission. 

(c.)  Professor  Reginald  A.  Fessenden  of  the  Western  University  of 
**  Pennsylvania,  (October  30th  and  December  9th,  1893,)  suggests  : 
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That  there  is  no  hope  of  obtaining  a  satisfactory  standard  light  for 
purpose  of  visual  comparison  in  photometry,  for  the  reason  that  the  optical 
effect  of  any  standard  light  is  not  generally  the  same  either  for  two  obser- 
vers at  the  same  time,  or  for  one  observer  at  different  times. 

He  consequently  recommends  that  all  laboratory  measurements  of  light 
should  be  made  in  terms  of  radiant  energy  by  examining,  say  with  a  bolom- 
eter, the  distribution  of  energy  through  the  spectrum  of  the  illuminant, 
and  mapping  the  same  in  reference  to  wave  length. 

That  to  mterpret  the  optical  and  visual  values  of  anv  such  map  of  energy 
distribution,  a  series  of  experiments  should  be  carriea  out.  once  for  all  of 
the  optical  effects  pertaining  to  one  watt  of  radiant  energy  at  various  wave 
lengths  of  the  spectrum,  referred  to  the  optical  effect  of  D-wave  length  as 
standard.  In  order  to  obtain  a  fair  average,  this  could  be  carried  out  with 
a  number  of  different  observers.  Having  obtained  the  optical  value  of  one 
watt  of  energy  at  a  suitable  number  of  points  in  the  visual  spectrum,  the 
map  of  energy  distribution  for  any  light  tested  would  be  capable  of  direct 
conversion  into  a  numerical  valuation  of  optical  effect. 

That  experiments  should  be  made  upon  the  effect  of  shape  of  the  methven 
screen  upon  its  light,  and  the  influence  of  temperature  and  pressttre  of  the 
air  upon  its  constancy. 

That  the  best  form  of  bolometer  for  use  in  mapping  energy  distribution  in 
spectra  be  studied. 

That  experiments  on  the  optical  effect  of  one  watt  in  the  different  parts 
of  the  spectrum  as  outlined  be  made 

That  the  exact  determimation  of  the  losses  of  reflection  and  absorption 
of  the  glass  used  to  produce  a  spectrum  should  be  studied. 

That  the  determination  of  the  absorption  of  different  varieties  of  lamp- 
black for  long  waves  should  be  made. 

That  for  practical  standards  of  light  the  methven  screen  standard,  and 
special  incandescent  lamps  at  a  specified  voltage  should  be  employed,  their 
optical  valuation  having  been  previously  determined  by  the  radiation 
method,  and  from  these  sub-stanaards,  photometric  measurements  could  be 
made  in  the  ordinary  way.  or  with  absorption  screens. 

Also  in  another  letter  of  February  8th,  1894,  he  states  that  he  has  suc- 
ceeded in  constructing  a  simple  and  extremely  delicate  form  of  thermo-pile 
by  electrically  welding  together  a  number  of  wires  so  as  to  form  a  thermo- 
junction  and  subsequently  rolling  down  the  junction  to  a  few  ten 
thousandths  of  an  inch,  the  junctions  being  in  series,  one  set  being  pre- 
sented to  the  standard  of  radiation  and  the  other  to  the  light  to  be 
meastred. 

(d.>  Prof.  Nichols  of  Cornell  University,  (December  4th,  1893,)  hopes  to 
test  the  following  existing  light  standards  :  The  Hefner,  Carcel.  Methven, 
Standard  Candles,  and  the  new  arc  standard  for  steadiness  of  light.  Means 
have  been  found  to  indicate  with  the  bolometer  all  the  minor  fluctuations 
in  the  brightness  of  such  sources. 

Also  with  a  view  to  producing  a  practical  standard  of  light,  hopes  to 
experiment  upon  the  means  of  securing  a  surface  of  incandescent  carbon 
maintained  at  a  constant  temperature  by  an  electric  current  in  an  atmos- 
phere  of  low  but  constant  pressure  of  definite  composition,  the  area  of 
incandescent  surface  being  such  that  direct  photometric  measurements  can 
be  made  from  it.  The  temperature  of  this  carbon  surface  to  be  measured, 
if  possible,  in  four  ways,  by  chanee  of  length,  by  change  of  electrical 
resistance,  by  platinum- iridium  couple,  and  by  radiation. 

Also  in  another  letter,  Februaiy  r2th,  1884,  announces  that  he  has 
obtained  satisfactory  life  curves  of  various  light  standards  by  means  of  the 
bolometer  and  galvanometer. 

(e.)  Professor  Perrine  of  Leland  Stanford  Jr.  University,  (December 
23rd.  1893,)  suggests  specifications  as  worthy  of  being  prepared  for 
adoption  in  all  standard  photometrical  measurements.  Such,  for  instance, 
might  refer  to  the  dimentions  of  the  testing  room,  which  could  be  15  ft.  x  5 
ft.  and  8  ft.  high,  lined  with  black  flannel,  and  with  screens  of  the  same 
material  hung  from  the  ceiling  every  ten  inches  between  the  two  lights 
used,  which  would  be  separately  enclosed  at  the  ends  of  a  100  in.  scale. 

Believes  that  a  comparative  investigation  should  be  made  of  photometric 
screens.     A  proposed  screen  is  composed  of  two  pieces  of   clear  glass, 
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ground  together,  and  viewed  from  the  edge.  The  position  of  equal 
illumination  on  the  sides  being  such  as  will  cause  the  line  of  separation 
between  the  glass  plates  to  disappear. 

Also  that  two  light  standards  snould  be  adopted  of  different  quality  for 
use  with  tested  illuminants  of  corresponding  spectrum  distribution.  Thus 
the  Hefner-Alteneck  standard  might  serve  for  one,  and  the  arc-standard 
for  the  other,  the  division  being  made  with  reference  to  the  F-line  of  the 
solar  spectrum. 

(f .)    Prof.  Sheldon  of  the  Polytechnic  Institute,  Brooklyn ,  (December  loth, 


1803). 
Consid 


Considering  that  the  whole  subject  of  li^ht  and  illumination  is  intimately 
connected  with  the  question  of  color  distribution  and  relative  intensity  in 
different  portions  of  the  spectrum,  it  might  be  advantageous  to  investigate 
the  constancy  of  the  Swinburne-Thompson  standard  in  this  respect.  Also 
that  it  would  be  important  to  investigate  the  change  in  quality  of  light 
emitted  by  incandescent  carbon  as  dependent  upon  its  temperature. 

(g.)  Mr.  Edison,  (February  28th,  1894,)  suggests  :  **  Passing  slowly  by 
clockwork  a  definite  sized  platinum-iridium  wire  through  a  hydrogen  flame, 
surrounded  by  a  chimney,  and  using  a  section  only,  of  the  incandescent 
wire  as  standard.  The  moving  of  the  wire  would  eliminate  variation  in 
size  and  deterioration  of  the  surface." 

I  should  be  pleased  as  General  Chairman  of  the  Committee  to  receive  any 
other  suggestions  or  recommendations  from  you,  or  any  information  as 
may  in  your  judgment  be  of  interest  to  the  other  chairmen. 

I  append  a  list  of  all  the  chairmen  and  members  of  the  sub-committees 
as  far  as  yet  appointed. 

Very  respectfully  yours, 

Edwin  J.  Houston, 

Chairman. 

SUB-COMMITTEES  OF  INCOMPLETE  CONGRESS  WORK. 


Prof.  C.  F.  Brackett,  Chairman.     Dr.  E.  L.  Nichols,  Chairman. 
Jno.  W.  Howell.  Chas.  P.  Matthews,  Esq. 

F.  R.  Upton.  C.  H.  Sharp,  Esq. 

Prof.  F.  B.  Crocker,  Chairman.        Dr.  F.  A.  C.  Perrinb,  Chairman. 

HOLBROOK  CUSHMAN,  EsQ.  PrOF,  ClARENCE  L.  CoRY. 

Herschel  C.  Parker,  Esq. 

Prof.  Charles  P.  Cross.  Chairman.    William  H.  Preece,  Esq.,  Chairman^ 
Prof.  William  L.  Puffer.  Captain  Abney. 

Prof.  Elihu  Thomson.  Prof.  J.  A.  Fleming. 

Dr.  Hopkinson. 
Prof.  S.  P.  Thompson. 

Dr.  Louis  Duncan,  Chairman.  Dr.  Samuel  Sheldon.  Chairman. 

Hermann  S.  Hering,  Esq.  Augustus  Treadwell,  Jr. 

T.  A.  Edison.  Esq.,  Chairman  Dr.  Benj.  F.  Thomas,  Chairman. 

A.  E.  Kennelly,  Esq. 

Prof,  R.  A.  Fessenden,  Chairman.     E.  G.  Willyoung,  Esq.,  Chairman. 

C.  O.  C.  Billberg,  Esq. 


E.  R.  Keller,  Esq. 


Dr.  William  E.  Geyer,  Chairman. 


114  MA  URO  ON  THE  PATENT  OFFICE,  [Mar.  21 , 

[communicated   by    MR.    THEODOR   J.    W.    OLAN.] 

[In  discussion  of  Mr.  Mauro's  paper  see  p.  5A,  anU.l^ 

This  very  interesting  paper  read  by  Mr.  Mauro  at  the  last 
meeting  of  this  Instiiute  has  reference  to  a  subject  of  too  much 
importance  to  the  members  of  this  institution,  and  advanced  too 
many  startling  points  to  allow  the  matter  to  be  dropped,  after 
having  had  no  other  practical  result  than  a  merely  platonie  dip- 
cussion.  I  deem  it  very  likely  that  abler  hands  and  pens  than 
mine  will  take  advantage  of  the  invitation  for  a  continuation  in 
writing  of  the  discussion  of  the  subject  in  question.  Thinking 
it  proper,  however,  in  this  respect  to  take  no  chances,  I 
have  accepted  the  invitation  to  the  end,  that  the  Institute  may 
arrive  at  a  practical  result  therefrom,  of  benefit  to  the  Institute 
itself,  as  a  promoter  of  right  and  justice  in  legislation  and  proba- 
bly of  benefit  to  most  of  its  members,  as  representing  a  large 
portion  of  the  inventive  intellect  of  the  nation. 

The  first  startling  point  we  meet  in  the  paper  is  contained  in 
the  following  sentence  on  page  56 :  ''  It  is  a  natural  desire  of 
every  citizen  to  see  the  affairs  of  the  Patent  OflBce  so  adminis- 
tered as  to  produce  the  greatest  possible  benefit  to  the  public  " 
That  sentence  seems  startling,  in-so-far  as  it  appears  to  acknowl- 
edge or  justify  the  desire  of  the  public  to  violate  the  rights 
granted  to  the  inventor  by  the  patent  law.  I  have  already  had 
proof  that  the  patent  oflScials  have  seen  fit  to  interpret  their  offic- 
ial duties  in  an  analogous  manner.  On  one  occasion,  when  dif- 
fering with  an  examiner  in  patent  matters,  I  was  advised  by  him 
that  I  had  the  right  to  appeal  from  his  decision.  I  answered 
that  I  would  rather  give  up,  as  I  did  not  like  to  come  into  con- 
troversy with  the  examiner  in  my  first  patent  case.  "  Now,"  he 
said,  "  it  is  very  wrong  for  you  to  have  such  an  opinion,  as,  ac- 
cording to  that  principle,  an  inv^entor  takes  all  the  chances  not  to 
fet  what  he  is  entitled  to."  He  laughed  at  his  own  words,  and 
is  assistants  laughed  also,  apparently  all  conscious  of  the  ab- 
surdity of  the  words  expressed,  and  of  the  sophistic  audacity  of 
such  an  interpretation  of  the  law — this  by  such  an  oflScial  him- 
self, who  had  been  put  into  his  position  in  order  to  exercise  jus- 
tice and  impartiality  to  the  best  of  his  judgment.  I  took  the 
examiner's  words  at  that  time  merely  as  an  improper  joke  without 
consequence.  To-day,  however,  when  such  an  interpretation  of 
the  patent  law  prevails  to  such  an  extent  that  its  discussion  is  un- 
dertaken by  this  institution,  I  think  the  time  has  come  for  an 
earnest  and  decided  protest  against  the  policy  outlined,  and  for 
a  clear  and  conclusive  demonstration  of  the  real  principle,  aim 
and  object  of  the  law.  In  its  principle,  the  patent  law  is  an  ac- 
knowledgment from  the  side  of  the  state,  of  the  inventor's  title 
to  his  invention,  and  in  consideration  of  a  certain  fee  it  grants 
him  for  a  certain  period  the  exclusive  right  to  use  for  his  own 
exclusive  benefit,  if  he  deems  proper,  the  fruit  of  his  genius. 


1894]  DISCUSSION.  115 

With  the  exception  of  the  fee  payable  to  the  state  by  the  inven- 
tor, the  patent  law  provides  for  no  other  profit  for  the  public. 
The  benefit  from  the  patent  itself  during  tne  patent  period  lies 
entirely  with  the  inventor ;  and  the  public  benefit  that  may  be 
derived  from  the  invention  after  the  patent  has  expired  can  not 
have  anything  to  do  with  the  patent  itself,  nor  consequently  with 
the  patent  law  or  the  administration  thereof. 

An  illustration  may  serve  to  make  the  evidence  thereof  con- 
clusive. If,  for  instance,  an  inventor  had  invented  a  flying  ma- 
chine, and  a  patent  therefor  had  been  granted  to  him,  said  pat- 
ent would  grant  him  exclusive  right  to  make  and  use  the  inven- 
tion for  1 7  years.  If  the  inventor  now  felt  it  his  ambition  to 
fly  alone  for  that  period,  the  patent  law  allows  him  that  privilege 
without  interference  from  the  public.  He  may  use  it  for  exer- 
cise alone,  or  he  may  chase  swallows,  mocking  birds,  or  wild 
turkeys ;  it  is  none  of  the  public's  business.  If  the  people  desire 
to  see  the  affairs  of  the  Patent  OflBce  so  administered  as  to  bene- 
fit the  public  in  other  respects  than  as  a  mere  source  of  revenue 
from  patent  fees,  instead  of  the  benefit  of  the  inventor,  in  ac- 
knowledgment of  whose  right  and  for  the  benefit  of  whom  the 
patent  law  was  created,  such  desire,  as  abolishing  the  principle  of 
said  law,  must  be  checked  in  such  a  way  that  it  will  not  re-ap- 
pear ;  and  it  must  be  checked  now,  since  from  a  timid  and  so- 
phistic argument  from  the  side  of  the  patent  oflScials  it  seems  to 
liave  entered  into  the  public's  mind  in  earnest  and  to  such  an  ex- 
tent as  to  claim  acknowledgment  from  the  inventors  themselves. 
Even  the  patent  otiScials, — if  they  nre  so  misconstruing  the  law, 
and  whilst  exercising  their  ofticial  duties  are  aiming  to  benefit 
the  public  at  the  expense  of  the  inventor,  for  the  benefit  of  whom 
the  law  exists, — must  b  •  checked,  and  checked  in  such  a  way 
as  to  be  able  no  longer  to  defy  the  law  and  violate  or  obviate  its 
purpose 

It  might  be  said  that  the  inventor  claiming  such  great  advan- 
tages is  really  asking  too  much.  I  think  not.  Anotner  illustra- 
tion may  serve  to  enlighten  us  on  that  subject.  The  state  says 
to  the  inventor :  "  In  consideration  of  a  payment  of  $35.00,  I 
sell  you  a  suflicient  piece  of  ground  upon  which  to  build  a  house. 
You  must  build  your  house  yourself,  and  you  may  afterwards  use 
it  as  you  deem  proper  for  your  own  bene^t  and  for  that  of  your 
wife  and  children.  1  agree  not  to  take  it  away  from  you  until 
after  a  i>eriod  of  17  years.  I  will  instruct  a  commissioner  to  see 
that  you  touch  only  your  own  ground  and  to  guard  you  during 
the  erection  and  thereafter  for  17  years,  from  public  assaults. 
The  inventi»r  does  not  ask  why  the  state  fails  to  rob  the  prop- 
erty holder  of  his  house  after  17  years,  or  the  farmer  of  his 
farm,  or  the  banker  of  his  cash  after  the  same  period.  Although 
he  knows  that  he  has  a*  much  right  to  remain  the  owner  of  the 
fruits  of  his  labor  as  anybody  else,  he  makes  no  objection ;  he 
pays  his  money,  ha  builds  his  house— and  after  17  years  it  is  ta- 
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ken  away  from  him.  Has  the  state  thus  granted  the  inTeotor 
too  much  ?  The  socialists  ma^  say  it  has,  but  the  adherents  to 
individual  ownership  will  say  it  has  not,  and  they  will  appreciate 
the  inventor's  endeavors  to  defend  the  little  right  and  iustice  that 
has  once  been  accorded  to  him.  Now,  since  it  is  evident  from 
the  very  principle  of  the  patent  law  as  I  have  tried  to  point  out, 
that  said  law  exists  for  the  benefit  of  the  inventor  and  not  for 
that  of  the  public,  the  law  must  be  altered  so  as  not  to  allow  that 
principle  to  be  subject  to  any  assaults,  either  from  the  public  or 
still  less  from  the  patent  officials  who  have  charge  of  the  admin- 
istration of  said  law.  it  must  be  altered  so  that  it  will  become 
impossible  for  those  officials  without  serious  consequences  for 
themselves  to  place  obstruction  in  the  inventor's  way  under  his 
endeavors  to  secure  his  right.  The  law  must  be  made  so  clear 
and  concise  as  to  allow  neither  "  liberality  "  nor  "  illiberality  " 
from  the  oflScials,  which  will  at  once  do  away  with  all  arbitrary 
treatment  of  the  inventor.  The  law  must  be  altered  so  as  to  be- 
come logically  consequent  to  its  different  paragraphs  or  sections, 
so  as  not  to  give  room  for  any  interpretation  leading  to  confu- 
sion. The  law  must  finally  be  put  in  accord  with  general  princi- 
ples of  justice  and  ri^ht  and  in  general  be  made  so  clear,  conse- 
quent and  concise  in  its  form  that  the  inventor  will  know  that 
he  has  to  deal  with  the  law  itself  and  not  with  the  different  indi- 
vidualities of  various  oflScials. 

The  principal  changes  to  be  made,  and  how  they  are  to  be  made 
we  may  largely  determine  from  various  points  brought  out  in 
Mr.  Mauro's  meritorious  paper.  The  first  thing  which  has  to  be 
made  clear  is  this.  What  may  be  subject  for  a  patent  ?  The  law 
answers  in  this  respect  distinctly,  that  subject  matters  for  patents 
are  inventions  or  discoveries  of  a  certain  specified  nature,  but  the 
law  does  not  give  any  definition  of  said  expressions. 

It  is  evident  that  i^  the  highest  authority  in  patent  matters,  the 
Supreme  Court,  does  not  know,  what,  for  instance,  an  invention 
is,  since  that  body  thinks  the  expression  invention  undefinable, 
the  law  itself  must  give  a  clear  definition  of  the  expression.  If 
.it  is  a  fact  that  the  Supreme  Court  has  denied  a  patent  because 
the  inventive  faculty  nad  not  been  exercised,  they  have  given 
proof  that  they  can  not  define  an  invention,  since  they  have  used 
^^  defiaiendum  in  definituTn^'^  which  is  a  fundamental  logical 
mistake.  If  the  expression  '•  invention  "  is  clear,  the  expression 
'inventive"  is  also  clear,  but  if  the  meaning  of  the  former  is  ob- 
scure the  latter  will  be  the  same.  The  conclusion  must  be,  that 
the  Supreme  Court  denied  a  patent,  because  something,  they  did 
not  know  what  it  was,  had  not  been  exercised.  It  is  evident 
from  this  that  the  patent  law  as  it  is,  does  not  offer  the  inventor 
sufScient  guarantee  for  a  treatment  in  the  spirit  of  the  law,  not 
even  in  its  last  instance  of  appeal.  I  do  not  think,  and  I  feel 
certain  that  this  Institute  will  agree  with  me  that  it  is  not  im- 
possible to  give  a  definition  of  an  invention,  as  the  Supreme 
Court  seems  to  hold. 
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An  invention  is  simply :  "A  solved  problem,  having  reference 
or  relation  to  matter." 

An  invention  is  always  caused  or  has  its  origin  from  a  ques- 
tion put  to  the  inventor's  mind,  how  may  this  or  that  be  done  or 
made,  and  the  invention  is  his  materialized  answer  to  that 
question. 

An  invention  in  the  sense  of  the  patent  law  is  any  construction, 
composition,  combination  or  proceeding  adapted  to  answer  for, 
or  to  accomplish  a  predetermined,  useful  and  legal  purpose. 

A  patentable  invention  is : 

a.  Any  construction,  composition,  combination  or  proceeding 
adapted  to  answer  for,  or  to  accomplish  a  predetermined  useful 
and  legal  purpose,  said  purpose  not  previously  publicly  known 
or  perceived. 

b.  Any  new  construction,  composition,  combination,  or  pro- 
ceeding adapted  to  answer  for,  or  to  accomplish  a  predetermined 
useful  and  legal  purpose,  said  purpose  previously  publicly  known 
or  perceived. 

c.  An  improved  construction,  composition,  combination  or 
proceeding  adapted  to  answer  for  or  to  accomplish  a  predeter- 
mined useful  and  legal  purpose. 

Improvement,  is  any  construction,  etc.,  adapted  to  answer  for  a 

?;iven  purpose  in  a  cheaper,  simpler,  more  enective  or  more  per- 
ect  manner. 

A  discovery  is  any  disclosed  and  previously  unknown  fact 
with  reference  to  the  existing. 

A  patentable  discovery  is  evidently  any  disclosed  fact  with 
reference  to  the  existing,  which  can  be  usefully  applied  for  a 
patentable  invention. 

If  we  now  agree,  that  the  definitions  I  have  given  of  patent- 
able inventions  and  patentable  discoveries  are  suflSciently  clear, 
not  to  allow  any  doubt  of  what  is  subject  matter  for  a  patent, 
according  to  the  patent  law ;  the  necessary  amendments  of  said 
law  in  order  to  make  it  just,  consequent  and  all  through  consist- 
ent with  its  demonstrated  principle  and  purpose,  can  be  easily 
concluded  with  a  review  of  the  different  sections  of  the  law  itself. 

In  section  4887  of  the  present  patent  law  it  is  said :  "  No  per- 
son shall  be  debarred,  from  i-eceiving  a  patent  for  his  invention 
or  discovery."  We  have  there  the  fundamental  command  of 
said  law,  and  after  the  clear  and  unmistakable  meaning  of  that 
command,  all  the  other  sections  and  paragraphs  of  the  law  ought 
to  be  tested  as  to  suitableness  and  wording  in  order  to  make  the 
law  just,  harmonious,  consequent  and  consistent  with  the  prin- 
ciple of  the  law  plainly  expressed  in  the  command. 

The  first,  the  most  important  and  evidently  undeniable  conclu- 
sion we  may  draw  from  the  cited  command,  is  that  the  law  must 
provide  sufficient  guarantees  for  the  inventor  to  attain  his  right, 
at  least  with  the  last  deciding  nuthority  in  patent  matters.  The 
Supreme  Court  of  the  District  of  Columbia  is  this  authority. 
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How  has  this  authority  proven  fit  for  the  task  conferred  upon  it? 
According  to  Mr.  Mauro,  it  does  not  know  what  an  invention  is, 
and  it  ha«  declared  it  impossible  ever  to  know,  since  its  members 
have  decided  that  the  meaning  of  the  expression  invention  is  un- 
deiinable.  And  still  it  hajs  seen  fit  to  give  decisions  in  patent 
cases;  judging,  without  knowing  what  it  was  judging  about. 
Does  this  indicate  sufficient  guarantees  for  the  inventor  to  secure 
his  rights  at  last?  Certainly  not.  Without  intending  a  slight  to 
the  Supreme  Court,  I  think  it  impossible  for  a  body  of  lawyeis 
(if  lawyers  simply  in  training  and  education)  to  exercise  proper 
judgment  in  this  matter;  it  lies  in  the  very  nature  of  things 
themselves.  The  thought  of  a  mere  lawyer  directing  a  number 
of  inventors  reminds  me  of  a  hen  put  in  charge  of  young  ducks* 
Their  instincts  are  too  different  for  mutual  satisfaction.  1  he  re- 
quirement for  ability  regarding  all  the  various  questions  that  may 
arise,  necessitates  too  fine  distinctions  for  allowing  us  to  hope 
fair  decision  from  unquestionable  integrity  alone.  Common 
sense  does  not  constitute  the  only  qualification  for  a  suitable  judge 
in  patent  matters.  It  is  the  trained  skill  and  fine  instinct  derived 
therefrom  which  is  equally  necessary  in  the  various  cases.  For 
illustration.  Supposing  a  man  has  invented  a  composition  of 
nitrate  of  potash,  sulphur  and  carbon,  which  he  calls  powder; 
and  that  he  had  received  a  patent  therefore,  claiming  broadly  the 
composition  of  said  three  bodies.  His  composition  was  of  a  non- 
explosive  nature ;  when  he  lit  it  it  burned,  it  whizzed  and  it 
smelled  badly.  Supposing  now  another  man  had  invented  a 
composition  of  the  same  substances  in  such  proportions  as  to  con- 
stitute our  ordinary  gunpowder.  He  wants  a  patent  for  his  in- 
vention, but  he  caimot  receive  it  because  he  comes  in  interference 
with  the  first  inventor  refered  to.  A  Supreme  Court  judge  will 
probably  in  this  case  decide  that,  as  there  is  no  need  of  exercising 
the  "inventive  faculty"  for  putting  a  little  more  or  less  of  each 
of  three  known  substances  into  a  composition,  the  patent  cannot 
be  granted ;  a  man  skilled  in  the  art  would  decide  that,  as  the 
proportion  between  the  substances  in  question  in  this  case  was 
just  as  essential  as  the  substances  tht^mselves,  a  patent  to  the  latter 
inventor  must  also  be  granted.  I  am  sure  this  Institute  is  of 
the  same  opinion.  Whikt  the  first  inventor  ought  to  retain  his 
patent  right,  so  as  to  enable  him  to  rest  peacefully  in  the  evening 
by  ths  use  of  his  compound  to  drive  mosquitoes  out  from  his  i  oom 
in  summer-time,  the  second  inventor  ought  aUo  to  have  his  patent 
granted  in  order  to  allow  him  to  work  our  mines,  open  our  tun- 
nels and  help  the  kings,  the  emperors  and  the  presidents  to  make 
war  against  each  other  and  amuse  themselves.  Many  similar 
illustrations  could  be  given  for  tlie  delicAcy  of  the  task  conferred 
upon  the  last  deciding  authority  in  patent  matters,  and  circum- 
stances point  direct  to  the  following  conclusion :  The  last  deciding 
authority  in  patent  matters  must  be  a  jury  of  men.  skilled  in  the 
appertaining  art  in  each  case,  selected  from  among  men  outside  the 
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patent  office  by  the  contesting  parties  themselves.     This  would 

five  the  inventor,  if  not  absolute  certainty,  a  fair  chance  to  get 
is  right  in  the  last  instance. 

It  is,  however,  not  enough  that  the  inventor  should  be  able  to 
secure  his  right  in  the  last  instance.  The  law  says  he  shall  not 
be  debarred  from  obtaining  it,  which  apparently  means  that 
no  obstruction  or  delay  should  be  put  in  his  way,  since  he  has  made 
his  application  for  a  patent.  What  provisions  are  made  in  the 
following  sections  of  the  law  for  giving  effect  to  the  command 
and  what  is  the  inventor's  practical  experience  with  reference 
thereto  ? 

Section  4888  directs  that  the  inventor,  to  receive  a  patent, 
shall  make  an  application  in  writing  describing  his  invention  in 
such  full,  clear,  concise  and  exact  terms  as  to  enable  any  person 
skilled  in  the  appertaining  art  thoroughly  to  understand  the  nature 
and  use  of  the  invention. 

This  requirement  complied  with,  the  law  provides  that  the 
Commissioner  shall  cause  the  examination  of  the  alleged  new  in- 
vention or  discovery.  On  whom  is  this  task  now  conferred  ? 
On  the  principal  examiner  and  his  assistants.  The  principal  ex- 
aminer— who  is  he,  according  to  law  ?  Nothing  is  provided  for 
his  qualification  by  law.  We  may,  however,  take  for  granted 
that  he  must  be  able  to  read  and  write,  that  is  all.  Thus  the 
specification  legally  composed  for  a  man  skilled  in  the  art,  is  to 
be  judged  by  a  man  who  may  have  common  school  training  and 
who  may  not.  The  inventor,  although  having  conaplied  with 
the  law  as  to  specific  completeness  and  clearness  of  his  specifica- 
tion, is  subjected  to  innumerable  objections  due  to  inferior 
ability  It  is  not  at  once  clear  how  two  times  two  make  four ;  it 
has  to  be  shown  how  four  plus  three  gives  seven,  etc.,  may  be 
taken  as  standards  for  the  objections  very  often  raised.  To  sat- 
isfy the  examiner  the  inventor  will  have  to  try  and  make  those 
obscure  points  dear ;  he  will  have  to  compose  as  many  finished 
lectures  suitable  for  a  priniary  school,  as  letters  with  reference  to 
objections  made.  When  he  has  at  last  succeeded  in  finishing  one 
objection,  another  one  is  raised;  and  when  this  is  done  with — yet 
another.  He  will  have  to  spend  money  for  legal  assistance  often 
many  times  more  than  the  entire  patent  fee.  He  will  have  to 
sacrifice  his  time,  armor  his  patience,  dominate  his  temper,  and 
be  up  early  in  the  morning. 

If  he  at  last  succeeds  in  suiting  the  examiner  and  gets  his  pat- 
ent allowed  he  may  regard  himself  fortunate.  In  many,  perhaps 
most  cases,  he  has  to  appeal  to  the  examiner-in-chief;  and  now 
at  last  he  has  come  into  the  hands  of  an  authority  legally  quali- 
fied to  understand  his  description,  perhaps.  The  examiner-in- 
chief  must,  according  to  law,  be  of  scientific  ability,  and  there 
are  great  chahces  then  that  he  will  understand  a  specification 
written  for  a  man  skilled  in  a  certain  art.  The  legal  number  of 
examiners-in-chief  are  three,  and  there  are  therefore  threefold 
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chances  for  the  inventor  that  one  of  them  may  have  some  ability 
in  the  respective  art  to  which  his  invention  belongs.  If  the  in- 
ventor now  gets  his  right  from  the  examiner-in-ehief ,  he  is  again 
fortunate;  but  if  he  does  not  get  it,  he  can  again  appeal.  To 
whom  ?  To  the  Commissioner.  The  Commissioner,  who  is  he  ? 
The  law  says  nothing  of  his  quahiicatione,  but  from  circum- 
stances we  may  conclude  that  he  is  either  a  republican,  or  a  dem- 
ocrat, or  a  mugwump,  that  is  all.  The  inventor,  unable  to  judge 
from  that  as  to  the  skill  and  training  in  the  arts  possessed  by 
said  gentleman,  has  to  shut  his  eyes  as  to  the  possibilities  of  his 
chances  and  blindly  cast  his  twenty  dollar  pieces  in  the  air. 
Perhaps  he  will  hit  a  sparrow,  perhaps  not.  If,  however,  the 
Commissioner  acknowledges  his  rights  and  grants  his  patent  he 
is  fortunate.  At  all  events  his  case  is  finished  as  far  a«  tne  Patent 
Office  directly  is  concerned.  Now,  supposing  the  inventor  was 
accorded  hie  right  at  last  by  the  Commissioner,  is  he  to  be  in- 
demnified for  all  delay  caused  by  obstructive  and  uncalled  for 
objections  and  for  his  loss  of  time  and  money  in  his  endeavors  to 
secure  his  right?  Is  the  principal  examiner  to  reimburse  him 
the  appeal  money — paid  on  account  of  his  wrong  decision,  or  the 
examiner-in  chief  for  the  increased  expenditures  caused  by  his? 
Certainly  not ;  his  case  is  closed,  and  the  examiners  are  left  un- 
disturbed  to  continue  the  same  course  with  reference  to  other 
inventors. 

The  more  obstruction  there  is  raised  in  the  inventor's  way,  the 
more  wrong  decisions  to  be  appealed  from,  the  more  money  the 
Patent  Office  will  make ;  and  when  the  year  is  at  an  eud,  the 
office  will  in  this  way  have  paid  in  a  surplus  to  the  Treasury  of 
one  million  or  two,  no  matter  if  most  of  said  surplus  is  ill  earned 
pelf.  Is  this  state  of  things  a  desirable  one '(  Is  the  praxis  here 
referred  to  consistent  with  the  clear  fundamental  command  of  the 
law,  that  no  man  shall  be  debarred  from  receiving  a  patent  for 
his  invention  or  discovery.  The  sections  of  the  law  not  prevent- 
ing such  obstruction  but  rather  favoring  it,  are  they  consequent 
with  cited  fundamental  command ;  are  they  based  upon  the  in- 
variable principles  of  justice  and  right,  which  ought  to  be  the 
desirable  aim  for  all  legislatures.  Decidedly  not.  I  do  not  mean 
to  say,  that,  as  long  as  the  law  provides  for  an  examination  of 
applications  for  patents,  there  should  be  no  objections  raised  ; 
but  what  is  undeniable  is  this,  that  the  inventor  should  not  be 
obliged  to  fight  with  the  patent  officials  for  "  what  he  is  entitled 
to  ".  It  should  be  clear  not  only  from  the  fundamental  command 
of  the  law,  but  also  from  all  the  subsequent  sections  thereof,  that 
the  patent  officials  have  been  placed  in  office  not  in  order  to  try 
to  defeat  the  inventor  under  his  endeavors  to  come  to  his  right, 
but  to  benevolently  assist  him  under  his  endeavors.  The  law 
should  therefore  be  altered  so  as  to  clearly  point  out  this  as  the 
always  directing  rule  for  the  various  duties  of  said  patent  officials, 
and  provision  should  be  made  to  enforce  said  rule,  if  they  after- 
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wards  failed  to  see,  or  failed  to  fulfill  their  duties.  The  law 
shoald  be  altered,  so  as  to  do  away  with  all  undue  obstruction 
not  only  due  to  inability,  but  also  that  heretofore  experienced 
from  over  zealousness  of  misunderstood  duties,  or  from  a  desire 
to  benefit  the  Patent  Office  financially,  in  excess  of  what  is 
required  by  law.  It  needs  no  demonstration  to  prove,  that  the 
present  provisions  in  appeal  cases  ma^  be  construed  as  a  direct 
invitation  to  the  patent  officials  to  raise  in  the  inventor's  way  as 
many  adverse  decisions  as  possible  in  order  to  cause  as  manv 
appeal  fees  as  possible  to  be  paid.  Nobody  argues,  that  aa- 
verse  decisions  shoald  not  be  made  if  they  are  just  and  qualified, 
and  that  on  the  other  hand  some  inventors  may  appeal  from  an 
adverse  but  correct  decision ;  but  that  the  inventor  shall  pay  the 
appeal  fee  whether  he  is  right  or  wrong ;  there  is  where  the  in- 
justice comes  in. 

The  provisions  in  reference  to  appeals  should  therefore  be 
altered  not  only  on  account  of  the  misuses  to  which  they  clearly 
may  lead,  but  also  in  order  to  accord  with  principles  of  justice 
and  right. 

I  think  we  are  able  here  to  make  the  following  conclusions : 

First :  The  patent  law  should  make  provisions  for  necessary 
qualifications  of  all  the  patent  officials  so  as  to  provide  guarantees  for 
their  necessary  ability  to  fulfill  the  duties  conferred  upon  them, 
so  far  as  possible  without  error  or  mistakes. 

Second  :  The  examiners  of  patents  should  be  well  paid  so  as  to 
enable  them  to  direct  their  entire  attention  to  their  duties,  as  they 
should  be  of  adequate  number  for  carrying  on  the  business  of 
their  office  without  overwork  or  strain,  and  the  work  required 
from  them  should  be  so  limited,  as  to  enable  them  to  follow  the 
progress  in  the  art,  and  to  make  themselves  more  and  more  fit 
for  their  duties. 

Third :  The  patent  officials  should  be  made  independent  of 
political  influences  whereby  able  men  who  have  either  already 
•entered  in  service  or  who  may  in  the  future  be  appointed  could 
be  retained  in  office. 

Fourth:  For  evidently  misconstruing  the  provisions  of  the  law 
for  making  arbitrary  decisions  in  defiance  oi  said  law  the  officials 
should  be  removed  from  office. 

Fifth :  An  official  record  should  be  kept,  with  reference  to  decis- 
ions of  each  separate  examiner,  subsequently  reversed  upon  appeal; 
and  no  examiner  should  be  allowed  to  retain  office,  after  having 
had  a  limited  number  of  his  decisions  reversed.  The  inventor 
should  be  reimbursed  by  the  losing  examiner  for  all  expenditures 
for  appeal  fees,  in  cases  ultimately  decided  in  his  favor. 

Sixtn:  No  authority  in  the  Patent  Office  should  have  any  ad- 
judging power  in  appeal  cases,  if  he  is  not  by  scientific  merit  and 
skill  in  the  arts,  fully  qualified  for  such  duty  in  the  strictest  sense 
and  spirit  of  the  law. 

That  the  last  and  highest  authority  in  patent  appeal  cases  should 
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be  a  jury  composed  of  men  of  scientific  ability  and  skill  in  apper- 
taining matters  as  we  have  already  concluded. 

When  the  patent  law  has  been  so  altered  as  to  contain  provisions 
embodying  the  changes  htre  above  suggested,  and  deduced  as 
necesFary  conclusions  from  the  discussions  of  the  matter,  then  I 
think  the  law  will  become  harmonious  and  consonant  with  refer- 
ence to  its  fundamental  command,  principle  and  aim. 

1  think  if  this  Institute  took  the  initiative  in  promoting  the 
necessary  changes  in  the  patent  law  referred  to,  it  would  not  only 
highly  favor  its  own  interest  and  authority,  but  also  benefit  a 
great  number  of  its  members  and  earn  the  gratitude  of  the  in- 
ventors of  the  nation.  The  latter  have  long  enough  spent  their 
time  and  money  in  fiitile  efforts  to  get  the  benefit  of  rights, 
granted  to  tiiem  and  acknowledged  by  law,  but  not  accorded  to 
them  by  the  administi  ators  of  said  law. 


AMERICAN  INSTITUTE  OF  ELECTRICAL 
ENGINEERS, 

New  York,  March  21  et,  1894. 

The  eighty-fifth  meeting  of  the  Institute  was  held  this  date 
at  12  West  Slst  Street,  and  was  called  to  order  by  President 
Houston,  at  8  P.  M. 

The  Secretary  read  the  minutes  of  the  last  meeting,  which,  on 
motion,  were  approved. 

The  S^retaiy  read  a  list  of  associate  members  elected,  and 
transferred  to  full  membership  at  the  Council  meeting  March 
2l6t  as  follows  : 


Name. 
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Galletly,  J.  Fred. 
Jackson.  Henry 

Keller.  Edwin  R. 
Kirkland.  John  W. 
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Henry  W.  Fiye. 
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F.  J.  Sprague. 

C.  T.  Hutchinson. 


Electrician. 

Swift  &  Co., 

Chicago.  111. 

Telegraph  Supt.  and  Engineer.  The 

Lancashire  &  Yorkshire  Railway 

Co.,    Horwich,    Bolton-le-Moors, 

Lancashiie,  England. 

4823  Springfield  Ave., 

Philadelphia.  Pa. 
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General  Electric  Co., 
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Clark  C.  Haskins. 
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Phillips,  Leo  A.  Westing^house  Electric  and  Mfg.  Co.,     Philip  A.  Lange. 

98  Green  St.,  Nikola  Tesla. 

Newark,  N.  J.       L.  A.  Osborne. 

RouQUEiTE,  Willi A.M  F.  B.     Proprietor,  Rouquette  &  Co.,       Charles  Hewitt. 
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New  York  City.  Geo.  R.  Metcalfe. 
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TRANSFERRED   FROM  ASSOCIATE  TO  FULL  MEMBERSHIP. 


Approved  by  Board  of  Examiners,  December  7th,  1893. 

Almon,  Geo.  H.  Supt.  Construction  New  England  District,  General 

Electric  Co.,  Boston,  Mass. 
Egger,  Ernst  Electrical  Engineer,  Vienna,  Austria. 

Brenner,  \V.  H.  Electrical  Engineer,  Montreal  Street  Railway  Co., 

Montreal,  P.  Q. 
Haskins,  Clark  C.  City  Electric  Light  Inspector,  Chicago,  III. 

FiTZMAURiCE,  James  S.  Chief  Engineer  Electric  Light  Branch,  Sydney,  N. 

S.  W. 
Total  5. 


The  President  : — Mr.  Kennelly  notified  the  Institute  at  the 
last  meeting  that  he  would  move  to  take  from  the  table  the   re- 

Eort  of  the  Committee  on  Units  and  Standards.     Mr.  Kennelly 
as  the  floor. 
Mr.  Hamilton  : — I  would  like  to   move  that   the  report  be 
taken  up  for  reconsideration  now. 

[The  motion  was  carried.     The  report  is  as  follows :] 

REPORT  OF  COMMITTEE  ON  UNITS  AND  STANDARDS. 

New  York,  Nov.  15th,  1893. 
To  the  President  and  Council,  of  the 

American  Institute  of  Electrical  Engineers, 

Gentlemen  : — Your  committee  on  **  Units  and  Standards  "  begs  to 
recommend  to  the  Institute  the  provisional  adoption  of  : — 

The  term  "gilbert"  for  the  c.  g.  s.  unit  of  magnetomotive  force,  the 
same  being  produced  by  0.7958  ampere-turn  approximately. 

The  term  *' weber*'  for  the  c.  (;.  s.  magnetic  unit  of  flux,  sometimes 
described  as  the  c.  g.  s.  line  of  flux. 

The  term  '*  oersted  "  for  the  c.  g.  s.  unit  of  reluctance. 

The  term  *'  gauss  "  for  the  c.  g.  s  unit  of  flux  density,  or  one  weber  per 
normal  square  centimetre. 

The  committee,  it  will  be  remembered,  in  its  previous  report,  dated 
June  20th,  1 891,  advocated  that  the  above  terms  should  be  accorded  to 
magnitudes  in  conformity  with  the  ••practical"  electromagnetic  system, 
and  therefore  following  in  natural  order  and  extension  from  the  volt,  ohm, 
ampere,  and  other  units  in  universal  use. 
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As,  however,  so  important  a  series  of  new  unit  magnitudes  could  only 
meet  with  general  recognition  and  favor  under  the  authorization  of  an 
International  Electrical  Congress,  which  authorization  has  been  withheld  at 
the  recent  Congress  at  Chicago  and  since  objections  have  been  raised  to 
those  magnitudes,  your  committee  considers  that  the  urgent  need  for 
names  specifying  the  principal  quantities  dealt  with  in  magnetic  circuits 
can  best  be  met  with  general  favor,  by  adopting  for  those  names  the 
fundamental  unit  magnitudes  of  the  international  c.  g.  s.  system  after  the 
precedents  already  estabhshed  in  the  cases  of  tjhe  c.  g.  s.  units  of  force  and 
work,  entitled  respectively  the  *'  dyne  "  and  **  erg." 

Yours  very  respectfully, 
Committee  on  Units  and  Standards 

F.  B.  Crocker, 
W.  E.  Geyer, 

G.  A.  Hamilton, 

A.  E.  Kennelly,  Chairman, 

The  Pbesibent  : — Does  Mr.  Kennelly  wish  to  open  the  dis- 
cussion il 

Mr.  Kennelly  : — I  think,  sir,  that  on  the  occasion  of  the  meet- 
ing before  last,  the  vote  by  which  that  report  of  the  committee 
was  laid  on  the  table,  was  a  vote  given  by  some  of  the  members 
under  a  misconception.  I  think  you  will  remember,  sir,  that 
there  were  two  motions  before  the  Chair,  and  that  some  of  the 
members  informally  stated  that  they  had  voted  upon  the  second 
motion  believing  it  to  be  the  first,  and  in  case  the  intention  of 
the  meeting  were  taken  again  it  might  be  found  that  a  majority 
of  the  meeting  were  in  favor  of  the  adoption  of  the  report. 

Mr.  Townsend  Wolcott:— Mr.  Kennelly's  remarks  on  this 
subject  are  printed  in  the  March  issue  which  we  have  to-night. 

In  regard  to  the  adoption  of  the  names  of  electricians  for 
these  c.  g.  s.  values,  Mr.  Steinmetz  objected  to  that  on  the  ground 
that  it  was  not  according  to  the  other  c.  g.  s  units,  and  I  do  not. 
think  that  anybody  outside  of  this  country  would  approve  of 
that  point.  I  objected  myself  on  the  same  ground,  but  that  has 
nothing  to  do  with  what  1  now  say.  I  do  not  think  that  foreign 
electricians  would  approve  of  it.  If  vou  could  get  names  like 
erg  and  dyne,  I  should  be  strongly  in  favor  of  them  myself,  but 
I  do  not  think  it  is  a  fact  that  if  we  fall  to  adopt  names  for 
those  quantities,  there  will  be  any  great  difficulty  experienced. 
Mr.  Kennelly's  argument  here  is  that  300  grammes  is  very  much 
more  definite  than  300  units  of  weight  in  flie  o.  g.  s.  system.  Of 
course,  that  is  a  very  cumbersome  expression  if  it  were  necessary 
to  use  it.  But  we  have  in  common  practice  expressions  some- 
what of  that  nature.  We  have  several  kinds  of  units  which  are 
called  by  the  name  of  degree  Degree  does  not  mean  much 
more  than  the  word  unit.  There  are  two  or  three  different  kinds 
of  degree.  In  the  first  place,  the  quadrant  is  divided  ordinarily 
into  90  degrees,  and  by  the  French  it  is  divided  into  100  degrees. 
I  do  not  think  it  would  make  it  any  more  plain  what  these  words^ 
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were,  or  would  give  any  more  of  a  concrete  idea  of  the  things 
themselves,  if  you  called  them  Le  Verriers  after  the  astronomer 
who  did  the  work.  In  the  ordinary  thermometer  scale  we  say 
the  temperature  is  so  much.  For  instance,  we  say,  it  is  very 
warm  to-day ;  it  is  90.  We  mean  to  say  90  degrees.  Every- 
body knows  what  you  mean  if  you  just  say  90.  If  there  was 
any  doubt  about  it  you  would  have  to  say  90  degrees  on  the 
Fahrenheit  scale,  because  we  use  Fahrenheit  in  this  country. 
When  we  come  to  magnetic  units,  if  there  is  a  name  attached  to 
a  unit,  unless  it  be  a  very  short  one  and  very  convenient  to  use, 
it  would  not  be  used  at  all  by  a  great  many  people.  I,  myself, 
always  speak  in  this  way  of  tne  density,  if  I  am  talking  to  a  man 
who  knows  what  I  mean  by  the  density  of  magnetic  induction. 
You  just  say  it  is  a  density  of  16,000.  You  do  not  say  it  is  a 
density  of  16,000  c.  g.  s.  lines  per  square  centimetre.  That  is 
entirely  unnecessary.  I  wish  it  understood  that  I  do  not  disap- 
prove of  naming  those  units  at  all,  if  you  can  get  some  good 
names.  But  I  do  not  think  that  science  is  going  to  suffer  so  very 
much  if  we  do  not  name  them  immediately. 

Another  thing  is,  the  provisional  adoption  of  a  name  is  worse 
than  no  adoption  at  all,  I  think.  We  already  adopted  one  name 
provisionally  The  foreign  electricians  adopted  the  name 
*^  weber  '  for  unit  of  current,  and  then  changed  it  to  '•  ampere." 
Some  books  have  "  weber  "  in  them  still.  If  you  adopt  a  nam© 
and  then  change  it  afterwards,  it  makes  it  worse  than  if  you 
never  adopted  it.  We  have  heretofore  made  mistakes  by  being 
in  too  much  of  a  hurry.  If  they  had  not  been  in  too  much  of  a 
hurry  to  get  a  new  value  for  the  ohm,  there  would  be  only  two 
values  for  the  ohm  in  use.  At  present  there  are  three — the 
British  Association,  the  legal  ohm,  and  the  international  ohm. 
So  it  would  be  with  names,  if  you  adopt  any  names  provision- 
ally. 

Some  one  says — 1  do  not  know  whether  officially  or  not — ^that 
if  any  one  would  find  good  Greek  names  that  would  do,  the  com- 
mittee would  adopt  them,  but  we  have  not  got  the  Greek  names. 
It  seems  to  me  that  we  ought  to  have  some  Greek  scholars.  Mr. 
Kennelly  says  we  do  not  possess  the  facility  for  creating  Greek 
names  in  this  country  that  would  meet  general  apprehension  and 
support.  Well,  although  that  may  be  so,  I  do  not  know  why  we 
should  not  be  able  to  make  Greek  names  in  this  country  as  well 
as  in  England. 

Mr.  Kennelly  : — I  think  that  the  point  that  Mr.  Wolcott 
mentions  is  the  very  one  that  1  would  have  selected  on  the  other 
side  if  you  would  give  me  a  moment's  hearing.  When  you  say 
16,000  you  do  not  at  the  present  time  know  what  that  means.  It 
may  mean  16,000  lines  per  square  inch  or  it  may  mean  16,000  per 
square  centimetre,  and  for  that  reason  there  is  an  argument  in 
defining  what  it  means  by  saying  16,000  gausses. 

Pbof.  Fbanois  B.  Crocker  :— If  you  are  thoroughly  familiar 
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with  the  Biihiect  and  expect  a  person  to  make  a  certain  remark, 
why  then,  of  course,  you  can  understand  it.  But  assume  that 
vou  are  teaching  some  one  who  knows  absolutely  nothing  about 
it.  I  have  had  some  experience  in  that  direction,  and  I  find  that 
until  I  can  attach  a  concrete  name  to  a  unit  it  is  rarely  ever  com- 
prehended and  it  certainly  takes  a  great  deal  longer  to  make  it 
understood.  That  nmst  be  evident  to  any  one  who  has  made 
any  attempt  in  that  line.  Mr.  Wolcott  probably  referred  to  con- 
versation between  two  electrical  engineers  both  of  whom  are  per- 
fectly familiar  with  the  subject,  each  knowing  about  what  the 
other  is  going  to  say.  But  in  speaking  to  some  one  who  is 
learning,  I  think  you  will  find  that  the  absence  of  a  concrete 
name  will  do  more  to  give  an  indefinite  idea  than  any  other  one 
thing,  and  the  presence  of  a  concrete  name  would  do  a  great  deal 
towards  giving  a  definite  idea.  In  fact  I  deny  that  a  general 
name  like  '*  c.  g.  s.  unit  of  magnetic  fiux,"  or  even  *'  unit  of 
flux  "  will  ever  be  clearly  understood  by  any  but  technically  edu- 
cated persons.  Now  we  all  know  that  common  workmen  can 
use  the  terms  "volts,"  and  "amperes"  and  "ohms"  just  as 
intelligently,  and  for  their  purposes  just  as  accurately  and  just  as 
satisfactorily  as  the  most  learned  electrician.  I  do  not  think  that 
woul<i  be  possible,  in  fact  I  am  quite  sure  it  would  be  utterly 
impossible  if  we  called  them  "al)Solute  units  of  electromotive 
force,"  or  even  "  units  of  electromotive  force,"  because  such  men 
are  not  accustomed  to  abstract  ideas.     They  can  measure  electric 

(pressure  in  volts  and  they  understand  exactly  what  it  means— at 
east  well  enough  for  their  purposes  and  for  the  purposes  of  the 
persons  who  employ  them,  but  if  they  had  to  resort  to  abstract 
terms  they  could  not  apply  them  intelligently  This  is  true  also 
of  persons  beginning  the  study  of  electricity  even  though  they 
are  educated,  and  in  both  of  these  cases  I  say  the  giving  of  defi- 
nite names  would  be  of  enormous  assistance.  Now  in  the  case 
of  men  who  are  thoroughly  familiar  with  electrical  and  mag- 
netic science  and  who  know  exactly  what  they  are  talking 
about,  I  admit  that  the  necessity  is  not  so  great ;  but  even  then, 
unless  the  context  or  the  circumstances  indicate  exactly  what  is 
meant,  there  is  apt  to  be  the  ambiguity  to  which  Mr.  Keimelly 
referred,  that  we  unfortunately  use  both  ceni metres  and  incht  s 
in  this  country  and  in  England,  and  we  use  them  about  equally 
often,  and  I  should  be  at  a  loss  to  know  when  any  one  said 
*'  10,000  lines"  whether  he  meant  per  square  inch  or  per  square 
centimetre. 

I  think  that  electrical  science  owes  a  great  deal  of  its  exactness 
and  its  progress,  and  its  extremely  perfect  condition  at  the  pres- 
ent day,  to  the  fact  that  we  have  definite  units  with  dennite 
names,  and  no  other  science  approximates  electricity  in  that  re- 
spect—even mechanics  which  is  much  older  and  is  supposed  to 
be  more  exact  than  electrical  science.  But  mechanical  science 
at  the  present  moment  is  much  less  definite,  and  there  is  much 
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more  uncertainty  even  in  the  use  of  such  words  as  "  power  "  and 
"work"  and  *' force"  than  there  is  in  the  use  of  electrical  unite. 
I  attribute,  as  I  say,  the  definiteness  of  electrical  science  to  the 
very  satisfactory  condition  of  electrical  measurements  and  ter- 
minology. I  attribute  it  largely  to  the  fact  that  we  have  definite 
names  for  definite  things  and  we  do  not  call  them  units  of  some- 
thing or  •*  degrees,"  or  other  indefinite  terms  that  mean  nothing. 

Mr.  Wolcott  : — I  would  say  that,  perhaps,  I  did  not  make 
myself  clear  enough  in  what  I  said  before.  The  examples  I  took 
were  things  that  are  used  by  uneducated  people  as  well  as  edu- 
cated people.  Take  the  mariner's  compass.  Certainly  ordinary 
seamen  are  not  better  educated  than  the  students  who  begin  to 
study  electricity,  and  they  know  what  a  point  on  the  compass  is. 
Knowing  it  by  the  name  point,  it  means  just  as  much  for  in- 
stance, as  if  they  called  it  a  Marco  Polo,  because  Marco  Polo 
had  something  to  do  with  introducing  the  compass  into  Europe. 
On  the  same  line  of  reasoning,  I  say  one  line  of  force  means 
just  as  much  as  though  you  called  it  by  some  man's  name.  As 
to  what  Professor  Crocker  said  in  addition  to  that,  that  people 
do  not  get  mixed  up  when  they  have  definite  names  to  deal  with, 
we  certainly  have  a  definite  name  in  "  watt."  Watt  is  supposed 
to  mean  something  very  definite,  and  yet  a  great  many  people,, 
including  college  professors,  talk  about  "  watts  per  minute  "  and 
"  watts  per  second."  That  is  a  mistake  that  is  made  very  often. 
I  think  it  occurs  just  about  as  often  as  if  you  did  not  have  the 
name  "watt."     They  mix  up  "watts"  and  "joules." 

Mb.  C.  S.  Bradley  : — This  subject  seems  to  have  been  sub- 
mitted to  a  well  chosen  committee.  I  think  there  is  none  of  us 
who  could  spend  the  time  they  have  spent  on  it,  and  if  the  thing^ 
is  to  be  adopted  in  any  shape,  manner,  or  form,  it  would  be  well 
to  take  it  as  the  committee  have  submitted  it,  with  one  excep- 
tion. I  think  the  whole  turning  point  is  on  the  question  whether 
this  body  wants  to  assume  the  responsibility  of  deciding  this 
question  alone.  I  would  suggest  that  it  be  submitted  to  at  least 
two  of  the  foreign  bodies  of  electrical  engineers — the  English 
and  the  French.  It  will  make  some  delay,  but  it  would  seem  to 
be  a  good  policy,  and  I  would,  therefore,  make  the  motion  that 
we  submit  this  question  to  the  foreign  bodies  and  await  an 
answer. 

Dr.  Wm.  E.  Geyeb  :  —I  understand  it  is  not  proposed  that 
we  adopt  this  unit  once  for  all,  and  dictate  to  the  world  to 
accept  it.  It  is  only  a  provisional  adoption,  with  a  view,  if  pos- 
sible, to  inducing  other  bodies  to  follow  us.  I  think  we  did 
something  similar  in  the  case  of  the  henry,  and  succeeded 
very  well.  We  did  not  attempt  to  lay  down  the  law  to  the  rest 
of  the  world.  We  simply  suggested  it,  and  by  doing  a  similar 
thing  in  this  case  we  may  also  succeed. 

Mr.  Bradley  : — I  think  it  is  far  more  dignified  to  submit  the 
(question  prior  to  any  adoption,  although  it  may  take  a  little  more 
time. 
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The  Pbesidbnt  : — Will  you  pardon  your  President  for  speak- 
ing a  moment  on  the  subject  ?  I  quite  agree  with  what  Prof. 
Crocker  has  said  respecting  the  advisability  of  having  definite 
names  for  definite  ideas,  especially  when  you  wish  to  convey 
those  ideas  to  others.  As  a  teacher,  I  find  it  almost  an  absolute 
necessity  if  I  wish  to  convey  an  idea,  to  clothe  that  idea  in  the 
briefest  language  possible.  I  know  the  dangers  that  arise  from 
contrasting  thinss  that  do  not  exactly  resemble  one  another,  but 
any  of  you  who  nave  endeavored  to  give  to  a  class  of  young  men 
ideas  of  magnetic  flux,  desiring  to  show  the  relation  existing 
between  the  magneto-motive  force  and  the  reluctance,  and  to 
draw  comparisons  between  the  ideas  of  electric  flux  or  current 
and  to  show  the  similar  relation  between  the  electromotive  force 
and  the  resistance,  will,  I  feel  sure,  find  great  advantage  in  hav- 
ing names  adopted  for  the  units  of  magnetic  flux,  magnetomotive 
force,  and  reluctance.  Of  course  it  does  not  express  any  more, 
when  you  say  there  is  a  similarity  between  the  amperes,  between 
the  volts  divided  by  the  ohm,  and  the  webers  and  the  gilberts 
divided  by  the  resistance,  but  still  it  does  help  very  greatly  to 
give  the  ideas. 

I  do  not  at  all  agree  with  the  member  who  thinks  it  is  neces- 
sary or  even  advisable  to  submit  our  action  to  any  foreign  bodies. 
It  is  only  an  action  which,  if  we  are  ready  to  teke,  we  simply 
announce  to  the  world  that  pending  the  adoption  of  better  names, 
we  propose  to  use  the  terms  "  gauss,"  "  weber,"  "gilbert,"  and 
"  oersted."  It  does  not  seem  to  me  that  the  argument  of  Mr. 
Wolcott  is  really  deserving  of  very  ^reat  consideration — namely 
that  heretofore  we  have  adopted  for  the  names  of  units,  the 
names  of  electricians  who  have  passed  from  their  labors,  only  m 
the  case  of  the  practical  unit.  If  they  have  served  well  in  the 
place  of  the  practical  units  I  see  no  reason  why  they  should  not 
also  serve  in  the  place  of  the  o.  g.  s.  units.  It  seems  to  me, 
therefore,  that  the  JNSTiTcrrE  would  be  quite  warranted  in  taking 
this  step,  which  is  recommended,  after  aue  consideration,  by  cer- 
tainly a  very  able  committee  appointed  by  you. 

Mb.  Bradley  : — I  think  it  is  a  courtesy  to  the  foreign  bodies, 
and  I  think  all  those  things  will  draw  us  all  into  sympathy  with 
them  We  are  all  living  in  a  world,  and  the  more  nearly  we  are 
working  together  the  more  we  are  in  sympathy,  and  it  seems  to 
me  a  good  opportunity  to  oflfer  courtesy. 

Db.  Caby  r.  Hutchinson  : — It  would  seem  that  the  advis- 
ability of  doing  what  is  proposed,  mi^ht  depend  to  some  extent 
upon  whether  you  can  get  other  people  to  follow  your  example. 
Were  not  all  these  names  suggested  to  the  Chicago  Congress,  and 
did  not  it  decline  to  act  on  them  ?  It  seems  rather  absurd  to 
attempt  to  adopt  a  lot  of  names  which  others  will  not  use. 

The  Pbbsident  : — I  do  not  think  these  names  were  actually 
acted  on. 

Db.  Hutchinson  : — I  think  they  declined  to  take  any  action  on 
them. 
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Prof.  Crockeb  :— That  same  argument  was  used  against  the 
henry,  and  in  that  case  the  result  was  extremely  satisfaetorv ; 
80  satisfactory  that  a  Frenchman  moved  the  adoption  of  tLe 
name,  and  an  Englishman  seconded  it.  It  was  not  even  neces- 
sary for  the  Americans  to  urge  it.  Now,  in  this  case  we  can 
simply  do  exactly  as  we  did  in  that  previous  case.  We  suggest 
something  to  the  electrical  profession  of  the  world,  which  we 
think  desirable.  If  they  see  iit  to  use  it,  as  they  did  in  the  case 
of  the  henry,  then  the  next  international  congress  will,  pro- 
bably, adopt  it  officially.  Furthermore,  all  those  who  took  part 
in  the  Chicago  Congress  were  unanimously  of  the  opinion  that 
the  real  work  of  introducing  a  new  unit  or  term  has  got  to  be 
done  hefore  a  congress  meets.  The  unit  has  got  to  be  adopted, 
unofficially,  by  electricians  throughout  the  world  before  it  can  be 
adopted  officially  by  the  congress.  A  congress  has  no  time  to 
discuss  the  merits  of  introducing  a  unit.  It  is  simply  a  question 
of  whether  they  will  accept  it  or  not,  and  they  barely  have  time 
to  decide  even  that  Question.  So  it  was,  I  think,  the  opinion  of 
<»very  one  at  the  Cnicago  Congress,  that  the  real  material  on 
which  a  congress  can  work  must  be  provided  for  it,  and  that  the 
suggestions  must  all  be  threshed  out  before  the  congress  meets, 
and  a  long  time  before,  if  possible. 

Dr.  Hutchinson  : — My  point  is  simply  that  these  names  have 
been  before  the  Congress.  Prof.  Crocker  is  right  in  saying  that 
they  should  be  adopted  by  the  entire  electrical  community  of  the 
world,  and  since  the  representatives  of  other  countries  in  common 
with  those  of  this  country  have  declined  to  take  action  on  this 
matter  it  seems  rather  like  trying  to  force  things  down  their 
throats. 

Mb.  a.  E  Khnnelly: — I  think  it  is  only  fair  to  say  that  these 
names  came  before  the  Chamber  of  Delegates  at  the  Chicago 
•Congress,  not  for  these  magnitudes  but  in  connection  with  a  sys- 
tem of  practical  units,  so  called,  so  that  the  fact  that  they  were 
not  endorsed  by  Congress  need  not  be  construed  to  their  disadvan- 
tage in  this  presentation.  It  is  out  of  our  province,  of  course,  as 
a  practical  body  of  this  kind  to  create  fundamental  scientific  mag- 
nitudes. But  here  are  units  already  in  existence.  Here  are 
things  that  we  use  in  our  every  day  work  needing  names.  It 
surely  is  within  our  province  to  give  those  provisional  names. 

Dr.  M.  I.  PupiN : — Mr.  President,  as  Mr.  Kennelly  remarked, 
the  units  have  already  been  fixed.  They  are  bom ;  all  they  need 
is  to  be  christened.  Now,  the  question  is,  who  is  to  be  the  god- 
father. That  seems  to  be  the  whole  diflSculty.  The  Germans 
would  probably  not  care  to  stand  godfather  to  anything  that  does 
not  bear  a  German  name.  The  English  probably  feel  about  the 
same  way,  the  French  the  same.  We  know  what  difficulties  they 
had  at  the  first  Paris  Congress.  The  difficulties  arose,  not  so 
much  in  connection  with  the  magnitude  of  the  units,  as  in  con- 
nection with  the  names  to  be  applied  to  these  magnitudes.    There 
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seems  to  exist  considerable  international  jealousy,  naturally  so, 
on  the  other  side.  There  is  no  international  jealousy  on  this  side, 
because  we  are  all  one.  It  is  probably  owing  to  this  circum- 
stance that  there  is  so  much  less  of  mental  inertia,  on  our  side, 
when  it  comes  to  naming  units.  We  do  not  hesitate  to  give  some 
name  to  a  unit  if  we  think  that  such  and  such  a  name  deserves 
the  honor.  Now,  I  do  not  think  that  there  is  much  doubt  about 
the  names  *' gauss,"  ^^weber,"  "gilbert,"  "oersted,"  etc.,  as 
being  appropriate  to  the  units  to  which  our  committee  on  units 
assigned  the  distinguished  honor.  The  question  is  this — who  is 
to  propose  these  names  for  the  units  ?  I  think  that  we  here,  in 
the  American  Institute  op  Electrical  Engineebs,  occupying 
as  we  do  a  neutral  ground,  are  really  called  upon  to  make  that 
proposition,  and  our  friends  on  the  other  side,  upon  caref nl  con- 
sideration, will  find  that  we,  standing  on  neutral  ground,  could 
see  with  a  much  clearer  view,  with  much  less  prejudice,  that  the 
names  just  lit  the  things  to  which  we  have  applied  them.  I 
think  that  the  suggestion  of  Mr.  Bradley,  if  carried  out,  will 
cause  considerable  delay.  It  is  not  necessarv  for  us  to  wait  for 
the  other  engineering  societies  to  express  their  sentiments  in  the 
matter.  Let  us  propose  the  names  and  let  them  act  in  any  way 
that  they  may  please. 

Dr.  Geyer  : — Of  those  names  proposed,  two,  "  gauss  "  and 
*•  weber  "  are  the  names  of  men  so  pre-eminently  great,  that  if 
proposed  by  what  might  be  called  a  neutral,  as  we  in  America, 
are,  I  think  the  rest  of  the  world  will  really  be  ready  to  lay  aside 
its  jealousies,  and  even  if  that  were  not  quite  the  case,  these 
men  were  so  great  in  their  line  that  it  seems  to  me  a  matter  of 
common  justice  that  they  should  be  somehow  commemorated. 
We  are  all  very  grateful  to  the  British  Association  for  getting 
out  a  physical  unit  called  the  ohm,  and  we  all  appreciate  the 
work  thev  did  in  giving  us  the  name  of  "  volt "  and  "  farad." 
But  the  British  Association  merely  adopted  the  work  of  Gauss 
and  Weber,  simply  modifying  the  magnitude  of  some  of  the 
units.  But  the  system  was  really  that  of  Gauss  and  Weber,  and 
I  have  very  h'ttle  doubt  that  if,  in  those  times,  magnetic  units 
had  been  of  as  much  importance  as  they  are  now.  Gauss  would 
have  immediately  received  some  recognition,  had  the  measure- 
ments of  the  current  played  any  great  role  in  those  days.  Then 
it  was  essentially  resistance  and  capacity  and  electromotive  force 
that  were  important  in  the  electrical  measurements.  Currents 
were  not  used  of  any  appreciable  magnitude,  except,  perhaps,  in 
electroplating,  and  that  is  more  or  less  an  occult  art.  I  mean  to 
say,  that  if  current  had  been  used  in  those  days  in  any  consider- 
able magnitude,  and  Weber  had  not  been  at  that  time  living*  I 
should  venture  to  say  that  he  would  at  once  have  received  rec- 
ognition. 1  do  not  mean  at  all  to  disparage  the  labors  of  Am- 
pere, but  I  should  say  that  he  was,  at  least,  the  equal  of  Ampere. 
Now,  the  name  for  the  unit  of  current  is  adopted.     You  cannot 
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change  that.  But  we  might  do  the  next  best  thing,  it  seems  to 
me,  and  give  one  of  these  great  men,  at  least,  a  recognition  in 
something  that  is  analogous.  The  objection  has  been  made  that 
the  name  "  weber "  is  unavailable  because  it  has  been  used  in 
another  connection.  But  that  other  connection  is  so  different, 
that  no  one  knowing  the  simplest  element  of  electricity  and  mag- 
netism would  ever  run  the  least  chance  of  confusion. 

Mr.  F.  S.  Holmes  : — At  the  meeting  before  the  last,  when 
this  question  was  brought  up  to  be  acted  upon,  there  were  two 
questions  in  my  mind  that  led  me  to  hesitate ;  the  first,  as  to  the 
magnitude  of  the  units,  and  the  second,  as  to  the  permanence  of 
the  names  which  we  might  apply  to  them.  We  certainly  do  not 
wish  to  apply  the  names  of  several  scientists  to  certain  units  for 
an  indefinite  period  ;  for,  it  may  be,  one,  ten,  or  fifteen  years, 
and  then  have  the  name  entirely  changed,  or  the  magnitude  of 
the  unit  altered,  and,  therefore,  a  confusion  arise  at  that  time.  I 
think  we  all  of  us  are  in  hearty  sympathy  with  this  committee 
in  their  effort  to  objectify,  to  bound,  to  term  these  units,  so  that 
they  have  a  substance  that  we  can  describe  and  impart  to  others 
in  short  order.  But  I  am  very  glad  to  say  that  the  discussion,  as 
it  has  gone  on  to-night,  has  led  me  to  believe  that  possibly  we  in 
America  may  help  to  roll  on  this  cause  by  applying  these  names 
tentatively,  and  may  overcome  some  foreign  jealousies  and  diffi- 
culties that  would  lead  scientists  abroad  to  object  to  having  nearer 
neighbors  name  the  units. 

Dr.  Hutchinson: — The  point  is  just  that — ^applying  names 
tentatively  when  you  do  not  know  that  they  will  be  adopted,  and 
the  possibility  of  others  applying  other  names  tentatively,  which 
would  lead  to  confusion. 

Mr.  Kbnnblly  : — Since  somebody  has  to  make  a  start  in  ob- 
taining names  either  in  this  country,  or  in  England  or  in  Ger- 
many or  France,  and  since  various  inchoate  attempts  have  been 
made,  as  evidenced  in  the  technical  journals  from  time  to  time,  to 
create  names,  I  beg  to  move  that  the  names  be  adopted  provision- 
ally by  the  iNsirruxic  at  this  time. 

[Seconded]. 

The  President  : — It  is  moved  and  seconded,  as  you  have 
heard,  that  these  names  mentioned  in  the  report  of  the  dommittee 
on  Units  and  Standards  be  adopted  provisionally  by  the  Institdte. 

[The  motion  was  carried.] 

The  President  : — I  take  pleasure  in  introducing  to  you  Prof. 
William  A.  Anthony,  who  will  read  a  paper  on  the  Effect  of 
Heavy  Gases  in  the  Chamber  of  an  Incandescent  Lamp. 

Prof.  Anthony  read  the  following  paper. 
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ON  THE  EFFECT  OF  HEAVY  GASES  IN  THE  CHAM- 
BER OF  AN  INCANDESCENT  LAMP. 


BY   PROF.    WILLIAM    A.    ANTHONY. 


Since  the  issae  of  Edison's  incandescent  lamp  patent  in  1880, 
it  has  been  the  generally  accepted  theory  that  the  principal 
cause  of  the  decay  of  the  filament  of  an  incandescent  lamp 
other  than  oxidation,  was  the  mechanical  action  of  the  small 
amoant  of  gas  remaining  in  the  chamber,  wearing  away  the  fila- 
ment by  the  attrition  due  to  the  air  currents,  or  as  Edison  called 
it  "  air  washing."  Electrical  forces  are  also  supposed  to  have 
some  effect,  carrying  the  carbon  from  the  filament  to  the  walls  of 
the  chamber.  The  perfection  of  the  electric  lamp  upon  this 
view  was  to  be  sought  in  the  direction  of  a  higher  vacuum,  and 
more  firm  and  solid  carbons  with  a  smoother  surface.  Improve- 
ments in  carbons  have  done  much  to  improve  the  lamp.  As  car- 
bons are  now  made — built  up  by  deposit  from  a  hydro-carbon 
vapor — every  interstice  is  tilled,  and  the  surface  becomes  almost 
as  smooth  as,  and  has  almost  the  appearance  of,  polished  steel. 
Such  a  carbon  withstands  well  the  "  air-washing "  effect  of  the 
jresidual  gases,  and  the  life  of  the  lamp  at  a  given  temperature 
is  greatly  increased.  But  as  it  is  greater  economy,  up  to  a  cer- 
tain point,  to  increase  the  temperature  and  save  energy,  than  to 
keep  the  temperature  down  and  save  lamps,  temperatures  have 
been  increased  as  carbons  have  been  improved,  and  efficiencies 
have  been  raised  until,  in  new  lamps  at  least,  a  candle  power  is 
obtained  from  less  than  three  watts,  instead  of  four  or  more. 
But  with  these  higher  efficiencies  comes  a  new  cause  of  deterior- 
ation not  so  apparent  in  the  low  temperature  lamps,  the  black- 
ening of  the  bulb  and  consequent  loss  of  transparency  and  de- 
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cline  in  candle  power.  When  I  see  incandescent  lamps  hung 
for  use,  I  involuntarily  find  myself  looking  for  blackened 
lamps,  and  it  is  no  uncommon  thing  to  see  those  through 
which  objects  look  dim.  Sometimes  I  see  lamps  so  black  that 
they  would  do  for  smoked  glass  in  viewing  an  eclipse  of  the 
sun.  I  have  taken  down  such  lamps  and  measured  their 
candle  power  and  eflSciency.  Very  often  they  run  as  low  as  ten 
candles  and  six  or  seven  watts  per  candle  at  their  normal  volt- 
age, and  I  have  found  lamps  below  six  candles  and  ten  watts  per 
candle.  The  customer  was  still  using  these  and  had  not  "kicked" 
so  far  as  I  know,  though  he  was  sure  he  was  not  getting  the 
light  he  did  at  the  beginning.  Generally  he  does  not  know  what 
the  matter  is,  thinks,  perhaps,  the  company  is  parsimonious  with 
the  "electricity,"  but  hasn't  said  much,  "because  he  doesn't 
want  to  be  all  the  time  making  a  row."  Of  course,  the  illumi- 
nating company  cannot  be  expected  to  go  around  and  hunt  up 
such  lamps  and  change  them;  so,  as  long  as  the  customer  does 
not  complain,  but  pays  for  his  six  or  ten  candles  at  the  price  of 
sixteen,  the  old  blackened  lamps  remain  on  the  circuit  until  they 
bum  out.  Since  such  lamps  increase  in  resistance  they  take  less 
and  less  current,  and  the  older  and  more  feeble  they  become, 
the  more  tenacious  they  are  of  life.  It  is  no  uncommon  thing 
to  hear  of  such  lamps  that  have  lived  through  six,  eight,  or  ten 
thousand  hours  of  active  service,  when,  probably,  not  one  of 
them  was  able  to  do  its  full  duty,  and  should  have  been  placed 
on  the  retired  list,  at  three  hundred  hours. 

Now  the  question  arises,  is  there  no  way  to  preserve  the  illu- 
minating power  of  the  lamp  throughout  the  life  of  the  filament ! 
Surely  a  long-lived  filament  is  of  little  value  if  it  fails  to  give  a 
reasonable  light  after  two  or  three  hundred  hours. 

Loss  of  candle  power  might  be  avoided  by  lowering  the  tem- 
perature and  with  it  the  initial  efiiciency  of  the  lamp,  but  this  is 
an  improvement  in  the  wrong  direction,  although  I  am  sure  the 
customers,  whether  they  pay  for  their  electric  energy  by  the  meter 
or  by  the  year  per  lamp,  would  be  the  gainers  if  they  were  fur- 
nished with  lamps  of  lower  initial  eflSciency,  unless  their  lamps 
are  changed  oftener  than  is  usually  done.  The  present  high 
eflSciency  lamp  would  do  very  well  if  there  were  any  way  to  in- 
sure its  retirement  from  the  service  when  its  legitimate  useful- 
ness was  passed.  The  ide<il  lamp  would  be  one  that,  while 
giving  a  high  efiiciency  and  a  reasonable  life,  should  die  by  the 
rupture  of  its  filament  while  still  doing  its  best  work. 
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About  a  year  ago  Mr.  John  Waring  began  experimenting  upon 
the  eflfects  of  heavy  gases  in  the  lamp  chamber,  using  principally 
the  vapor  of  bromine  as  obtained  from  the  liquid  bromine  of 
commerce.  It  is  not  necessary  to  describe  in  detail  the  various 
experiments.  The  final  result  reached  was  that,  when  bromine 
vapor  was  present  in  the  chamber  in  proper  quantity,  the  lamp, 
as  compared  with  a  vacuum  lamp,  could  be  run  at  a  higher  effi- 
ciency without  blackening  or  increase  of  resistance,  therefore 
without  loss  of  candle  power  and  with  an  increase  in  its  ireful 
life.  These  facts  were  abundantly  demonstrated  by  numerous 
experiments.  Below  are  the  results  of  some  experiments  that  I 
myself  recently  performed.  I  had  made  a  number  of  50-volt  16- 
candle  lamps.  Half  of  these  were  exhausted  in  the  usual  way  as 
vacuum  lamps.  The  others  were  made  into  bromine  lamps  after 
the  method  employed  in  the  Waring  factory.  The  lamps  were 
all  "  volted,"  then  four  of  each  were  run  for  three  and  a  half 
hours  at  65  volts,  and  for  one  and  a  half  hours  at  70  volts  pres- 
sures— 15  and  20  volts  in  excess  of  the  normal.  Two  of  the 
bromine  lamps  broke  at  the  end  of  the  run.  The  results  are 
given  in  the  following  table : 

TABLE  I. 


Lamps,  New. 

After  5  Hours  at  65  and  70  Volis. 

Volts. 

C   P. 

Current. 

C.  P. 

Current. 

X 

49 

16 

26 

9-4 

«4       1 

a 
3 

49.6 
49 

16 
x6 

36 
a6 

10.3 
10.6 

2^.6     1 
24.8 
34.8    J 

Vacuum  ( 
I^mps.  f 

Bulbs  all  Blackened. 

4 

49-2 

16 

26 

9.8 

S 

49.8 

16 

27 

Broken 

....    1 

6 

7 

48.8 
49 

16 
16 

a6.5 

>5-5 
15.1 

26.2      1 

97.a     f 

Bromine  1 
Lamps  f 

Bulbs  not  Blackened. 

8 

50 

16 

26.5 

Broken 

...    J 

Comparing  the  two  kinds  of  lamps,  it  is  seen  that  all  the 
vacuum  lamps  had  fallen  more  than  one-third  in  candle  power 
while  the  bromine  lamps  fell  only  five  per  cent.  The  current  in 
the  vacuum  lamps  had  also  diminished,  showing  an  increase  in 
resistance  of  the  filaments  of  over  five  per  cent. 

Two  others  of  the  same  lot  of  50-volt  lamps,  one  vacuum  and 
one  bromine,  were  run  for  five  minutes  at  90  volts,  at  which 
pressure  the  light  was  of  a  dazzling  whiteness. 

The  results  are  given  in  Table  II. 
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TABLE  II. 


Lamps,  New. 

After  Five  Miautes  at 
90  Volts. 

Vacuum.. 
Bromine .. 

Volu, 
48.3 
5« 

c.  p. 
i6 
i6 

CurreQt. 

a6 
»7 

C.  F. 

6.9 
ia.9 

Current. 

11. 

Greatly  Blackened. 
Not  Blackened. 

In  this  experiment  also,  the  vacuum  lamp  shows  a  very  great 
loss  in  candle  power  as  compared  to  the  bromine. 

It  may  be  said  that  these  experiments  were  performed  under 
abnormal  conditions.  They  were,  to  save  time.  But  if  the 
bromine  will,  when  the  filament  is  carried  to  such  an  abnormal 
incandescence,  preserve  to  such  a  marked  degree  the  illuminating 
power  of  the  lamp,  so  much  the  more  should  it  do  so  when  the 
incandescence  is  normal. 

But  to  remove  any  doubt  as  to  the  effect  under  normal  condi- 
tions I  have  obtained  from  Mr.  Waring  the  results  of  a  life  test 
in  progress  at  the  Waring  factory,  and  with  his  permission  I  em- 
body them  in  this  paper.  The  results  as  furnished  me  give  the 
individual  readings  for  eight  vacuum  and  eight  bromine  lamps 
all  identical  in  material  and  construction  up  to  the  point  of  ex- 
hausting the  bulbs,  when  eight  of  the  lamps  were  taken  at  random 
to  be  exhausted  as  vacuum  lamps,  and  the  remaining  eight  filled 
with  bromine  vapor  in  accordance  with  the  regular  process  pur- 
sued in  the  manufacture  of  the  "  Novak  "  lamp. 

As  these  lamps  all  had  similar  filaments,  the  bromine  lamps 
would,  if  run  at  the  same  candle  power,  have  been  less  efficient 
at  the  start  than  the  vacuum  lamps.  The  bromine  lamps  were, 
therefore,  "  volted  "  for  28  c.  p.  and  the  vacuum  lamps  for  25  c. 
p.,  and  each  lamp  marked  with  it^  appropriate  voltage.  The  bro- 
mine lamps  varied  from  52.4  to  55.8  volts,  and  the  vacuum 
lamps  from  50.5  to  52  volts.  During  the  run  the  pressure  was 
maintained  for  the  bromine  lamps  at  54.15 ;  for  the  vacuum  lamps 
at  51.3.  At  approximately  200,  400,  and  600  hours  from  the 
beginning,  the  candle  power  of  each  lamp  was  measured  at  it« 
marked  voltage.  From  the  individual  readings  furnished  me,  I 
have  computed  the  mean  values  which  are  given  in  Table  III. 
on  the  next  page. 
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Mean  of  8  Lamps 
at  o  Houn. 

Mean  of  8  Lamps 
at  a  10  Hows. 

Mean  of  7  Lamps 

Remamiog 

at  400  Hoars. 

Mean  of  6  Lamps  1 

Remaining 

at  6as  Hours. 

Vacuum. . . . 
Bromine... 

Volts. 
51.35 

.^ 

C.  F. 

as 

Volts. 
51.35 

Amp. 
*.739 

C.  F. 

9a.3« 

Volts. 
5i.a6 

Amp. 
1.704 

C.  F. 

ao.17 

Volts 
51.38 

Amp. 
1.698 

C.  F. 
18.Z8 

8  Lamps 

7  Lamps  Remaining; 

5  Lamps  Remaining 

3  Lamps  Remaining 

54.16 

1.768 

a8 

54.36 

1.8x6 

38.a6 

54.9a 

1.799 

a9  a4 

55.37 

X.857 

"9 

I  One  of  the  6  vacuum  lamps  has  a  very  bright  spot  on  the  filament,  and  can  only  last  a  few 
hours  longer. 

The  efficiencies  in  watts  per  candle  are  as  follows  : 

TABLE  IV. 


0  Hours. 

sio  Hours. 

400  Hours. 

695  Hours. 

Vacuum 
Bromine 

3469 
3.4a* 

3.99 
3.49 

4.33 
341 

4.8 
3.54 

What  is  the  teaching  of  these  results  ?  Of  the  bromine  lamps 
one  had  failed  in  less  than  200  hours,  two  more  in  less  than  400 
hours,  and  two  more,  or  five  in  all,  before  the  end  of  the  test  at 
626  hours,  but  the  candle  powers  of  the  lamps  still  doing  service 
were  even  higher  than  at  the  beginning.  At  400  hours  there 
had  been  no  loss  of  efficiency.  At  600  hours  the  efficiency  had 
only  fallen  about  3  per  cent.,  and  even  this  was  partly  due  to  the 
fact  that  these  three  remaining  lamps  were,  at  the  start,  below 
the  average  efficiency.  The  vacuum  lamps  on  the  contrary  had 
failed  in  candle-power  nearly  20  per  cent,  at  400  hours,  and  27 
per  cent,  at  625  hours.  In  efficiency  they  had  dropped  from 
3.47  at  the  start,  to  4.33  at  400,  and  4.8  at  625  hours. 

Although  only  one  lamp  had  failed,  those  vacuum  lamps  were 
aU prdcUcaUy  dead  at  IfiO  Jiours^  and  in  comparing  their  useful 
life  with  that  of  the  bromine  lamps,  they  should  be  so  considered. 
But  in  whatever  way  the  comparison  is  made,  the  bromine  lamps 
in  this  test  will  appear  as  the  better  lamps,  and  yet  up  to  the 
point  of  exhausting  the  chambers  the  bromine  and  vacuum  lamps 
were  precisely  alike. 

These  results  do  not  accord  with  the  generally  accepted  belief 
as  to  the  effect  of  a  gas  in  the  lamp  chamber.     Again  and  again 
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I  have  been  asked  in  reference  to  the  claims  for  the  "  Novak  " 
lamp : — "  /y  it  true  that  they  maintain  their  candle  power  ?"  and, 
second,  with  considerable  skepticism  thrown  into  it : — "Well,  how 
do  you  account  for  it  ?"  This  means,  that  I  must  submit  over- 
whelming proof  of  the  alleged  facts,  or  I  must  account  for  them. 
I  do  not  object  to  this.  It  would  be  my  own  position  in  a  simi- 
lar case. 

I  remember  once,  some  years  ago,  an  inventor  of  a  new  dy- 
namo asked  me  to  come  and  see  it  and  give  him  an  opinion  of  it. 
When  I  reached  his  shop  he,  unfortunately,  could  not  show  it  in 
opei-ation,  but  he  assured  me  that  his  dynamo  was  a  most  won- 
derful machine,  several  times  as  efficient  as  any  other  known. 
He  told  me  that,  running  it  by  means  of  a  little  engine  that 
could  not  by  any  possibility  give  more  than  two  horse  power, 
and  which  also  ran  his  shop,  he  was  able  to  run  thirty-two  Edison 
16  c.  p.  lamps  of  tlie  old  eight-to-tho-horse-power  type,  to  full  in- 
candescence. It  seemed  to  me  it  must  be  a  wonderful  dynamo 
to  develop  four  horse  power  from  two.  I  asked  him  how  he 
accounted  for  it.  He  could  not  explain  it  very  clearly,  at  least 
I  could  not  get  the  force  of  his  explanation,  and,  though  I  saw 
the  engine,  and  the  dynamo,  and  the  lamps,  I  expect  I  came 
away  somewhat  skeptical  as  to  the  performance  of  that  machine. 

Now  I  hope  to  be  able  to  convince  you  before  you  go  away 
to-night  that  the  facts  claimed  for  these  bromine  lamps  are  fully 
in  accord  with  other  known  facts,  even  if  they  do  not  seem  to 
accord  with  previous  theories  as  to  the  action  of  gases  in  the 
lamp  chamber. 

I  may  say  that  the  fact  that  there  is  less  blackening  in  a  lamp 
that  contains  some  residual  gas  is  no  new  discovery.  It  was 
noted  early  in  the  history  of  the  incandescent  lamp.  Edison 
not«d  it  and  made  it  the  subject  of  a  patent  in  1883.  Bernard 
8.  Proctor,  in  1883,  states  that  the  manufacturers  of  Swan  lamps 
had  found  "  that  these  carbon  deposits  which  occur  when  a  lamp 
is  overheated  occur  even  more  in  lamps  with  the  highest  v<uma 
than  in  those  less  perfectly  exhausted."  * 

Other  observations  pointing  in  the  same  direction  have  been 
made  from  time  to  time,  although  the  true  bearing  of  the  ob- 
servations do  not  seem  to  have  been  recognized.  Professor 
Thomas,  in  a  paper  read  before  this  Institute,  detailing  the  re^ 
suits  of  his  life  tests  of  various  makes  of  incandescent  lamps,^ 

1.  77i«  Electrician,  London,  vol.  ix.,  p.  603. 

2.  Transaottgns,  vol.  ix  ,  p.  271. 
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states  that  he  found  the  lamps  exhausted  by  metallic  pumps  to 
blacken  less  than  those  exhausted  by  mercury  pumps. 

Professor  Thomas  suggests  no  explanation,  but  various  refer- 
ences to  his  paper  seem  to  take  it  for  granted  that  the  difference 
is  due  to  the  presence  of  mercurial  vapor  in  the  lamps  exhausted 
by  mercury  pumps.  Mr.  E.  E.  Gary,  in  a  note  '*  On  the  Blacken- 
ing of  Incandescent  Lamps,"  takes  this  view.* 

1  do  not  know  of  any  foundation  for  the  belief  that  mercury 
vapor  causes  the  blackening,  or  helps  to  cause  it.  So  far  as  I 
know,  no  one  has  ever  demonstrated  that  mercury  vapor  exists 
to  any  extent  in  the  chamber  of  an  incandescent  lamp.  It  cannot 
exist  at  a  pressure  greater  than  about  1-1 5,000th  of  an  atmos- 
phere unless  the  temperature  of  the  mercury  is  much  above  that 
of  the  pump  room. 

Since  the  degree  of  vacuum  possible  by  means  of  a  mercury 
pump,  is  limited  by  the  tension  of  the  mercury  vapor,  and  since, 
as  long  as  any  gas  is  being  removed,  the  flow  is  from  the  lamps 
through  long  narrow  passages  toward  the  pump,  I  do  not  see 
how  it  is  possible  for  vapor  of  mercury  in  any  quantity  to  find 
its  way  back  from  the  pump  to  the  lamp.  I  believe,  notwith- 
standing Mr.  Gary's  statements  in  the  article  cited  as  to  the 
degree  of  vacuum  obtained  by  mechanical  pumps,  that  the  greater 
freedom  from  blackening  in  lamps  exhausted  by  them,  is  due  to 
the  poorer  vacuum,  and  that  this  is  another  case  of  blackening 
prevented  by  the  presence  of  an  inert  gaseous  atmosphere  within 
the  lamp  chamber. 

Now  let  us  consider  the  question  :  Why  should  the  presence  of 
a  gas  lessen  the  blackening  of  the  lamp  ?  To  answer  this  ques- 
tion we  must  first  consider  the  cause  of  the  blackening. 

The  coating  consists  wholly  of  carbon,  no  metal  deposit  ever 
being  found  except  when  the  filament  breaks  near  its  junction 
with  the  leading-in  wires,  so  forming  an  arc  which  vaporizes  the 
metal,  the  vapor  formed  depositing  upon  the  glass  as  a  metallic 
coating.  But  as  this  coating  is  only  formed  at  the  moment  of 
rupture  of  the  filament,  it  has  nothing  to  do  with  the  true  "  age- 
coating  "  with  which  we  are  dealing. 

The  carbon  coating  is  uniformly  distributed  within  the  bulb. 

2  The  carbon  forming  the  coating  must  come  from  the  filament. 

1.  BUe,  Eng.,  vol.  xiv.,  p.  118. 

•3.  See  Age-coating  in  Incandescent  Lamps.  Prof.  E.  L.  Nichols.  Am. 
Jour,  of  Science^  xliv.,  277. 
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Is  it  taken  from  it  by  chemical  action  ?  Is  it  worn  off  by  attri- 
tion by  the  residual  gas  ?  Is  it  thrown  off  by  electrical  action  i 
Is  it  thrown  off  as  a  vapor  in  consequence  of  the  high  tempera- 
ture? 

Explanations  of  the  phenomena  have  been  based  upon  all 
these  different  agencies. 

It  has  been  supposed  that  the  oxygen  remaining  in  the  cham- 
ber, combined  with  the  carbon  forming  carbon  monoxid  or  diox- 
id  which  was  dissociated  by  contact  with  the  cold  glass,  leaving 
the  carbon  as  a  deposit,  while  the  oxygen  returned  to  the  fila- 
ment to  combine  with  more  carbon,  and  so  on  until  the  filament 
was  destroyed.  This,  of  course,  cannot  be,  since  the  oxygen 
compounds  of  carbon  are  only  dissociated  at  a  very  high  tempe- 
rature, far  above  that  at  which  they  form,  and,  therefore,  far 
above  the  temperature  of  the  filament. 

The  suggestion  that  the  carbon  is  worn  off  the  filament  by 
aii^washing  and  settles  upon  the  walls  of  the  chamber,  never 
seemed  to  me  to  account  for  the  continuity  and  uniformity  of 
the  coating,  and  in  the  light  of  the  facts  demonstrated  by  the 
experiments  I  have  described  to-night,  the  theory  of  blackening 
by  air-washing  is  untenable,  since  there  is  less  blackening 
while  there  must  be  more  air-washing  in  the  bromine  lamps. 

The  carbon  must  then  be  thrown  off  from  the  filament  by  the 
electrical  action,  or  by  the  high  temperature,  or  by  both  com- 
bined. In  either  case  it  is  gaseous  carbon^  which  will  return  to 
the  solid  form  wherever  it  comes  in  contact  with  matter  at  a 
sufficiently  low  temperature  to  condense  it.  Tlds  it  will  surely 
do  when  it  reaches  the  walls  of  the  chamber,  if  not  before.  I 
repeat  that,  whether  the  high  temperature  or  the  difference  of 
electrical  potential  is  the  cause  of  the  separation  of  the  carbon 
from  the  filament ;  the  carbon  that  leaves  the  filament  is  gaseous 
carbon.  I  expect  this  statement  will  be  questioned,  and  I,  there- 
fore, state  as  fully  as  possible  the  considerations  that  lead  to  this 
conclusion.  It  is  objected  that  carbon  cannot  be  vaporized 
except  at  enormously  high  temperatures.  Also,  that  in  the 
lamp  the  particles  of  carbon  are  projected  in  straight  lines  which 
shows  the  action  to  be  a  "Crookes  tube  effect."  What  is  a 
Crookes  tube  effect?  It  is  a  radiation  of  the  molecules  of  a 
highly  attenuated  gas  from  one  of  the  electrodes  of  a  vacuum 
tube,  the  exciting  cause  being  a  great  difference  of  electrical  po- 
tential.    Possibly,   as  claimed   by   Schuster  and  others,   these 
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gageous  molecules  are  separated  by  the  electrical  forces  into  still 
smaller  elements,  but  whether  they  are  or  not,  will  make  no  dif- 
ference with  the  bearing  of  these  phenomena  upon  the  question 
under  consideration. 

In  an  ordinary  vacuum  tube,  the  passage  of  the  electric  dis- 
charge produces  a  light  extending  from  electrode  to  electrode 
wherever  these  may  be  placed.  As  the  vacuum  is  improved,  a 
dark  space  will  appear  around  the  negative  electrode.  Appar- 
ently the  molecules  are  repelled  so  strongly  that  they  are  able  to 
drive  back  the  body  of  the  gas  to  a  certain  distance,  but  the  in- 
evitable collisions  finally  take  up  their  rectilinear  motion  and 
convert  it  into  the  vibratory  motion  of  luminosity.  As  the 
vacuum  is  still  further  improved,  the  dark  space  becomes  wider 
and  wider,  until  it  reaches  the  walls  of  the  tube ;  the  molecules, 
finding  no  insurmountable  obstruction  in  their  path,  continue  their 
rectilinear  motion  until  stopped  by  the  walls,  where  the  impact 
produces  a  phosphorescent  light.  An  obstruction  within  the 
tube ,  intercepts  the  molecules  in  whose  path  it  falls,  and  casts  a 
shadow  upon  the  walls  beyond,  demonstrating  the  rectilinear 
motion.  The  rectilinear  motion  can  also  be  demonstrated  in 
many  other  ways.  But  what  does  the  rectilinear  motion  indi- 
cate ?  Nothing,  except  that  the  molecules  have  been  projected 
through  a  space  from  which  all  obstructions  have  been  carefully 
removed.  I  said  aU  obstructions,  but  that  is  not  quite  true. 
There  are  still  millions  upon  millions  of  molecules  in  the  most 
perfect  vacuum  in  our  power  to  make.  The  flying  molecules 
projected  from  the  negative  electrode  must  make  their  path 
through  these,  and  they  can  only  do  so  when  projected  with 
considerable  force.  For  the  success  of  these  experiments  a  great 
potential  difference  is  necessary, — a  potential  difference  meas- 
ured by  tens  of  thousands  of  volts, — much  greater  than  is  needed 
for  producing  the  phenomena  of  the  ordinary  vacuum  tubes. 

But,  for  the  rectilinear  motion  and  all  the  phenomena  depen- 
dent upon  it,  we  need  only  a  suflScient  propelling  force,  and  a 
space  sufficiently  free  from  obstructions.  The  propelling  force 
need  not  be  electrical,  and  the  rectilinear  motion  per  se  is  no  suf- 
ficient evidence  that  electrical  force  was  the  exciting  cause. 

In  the  old  Edison  lamps  the  filament  was  copper-plated  to  the 
platinum  wires.  When  a  break  in  the  filament  occurred  near 
the  junction,  the  arc  vaporized  the  copper  and  covered  the  bulb 
with  a  coating  of  metallic  copper,  except  that  a  line  of  clean 
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glass  was  often  left  on  the  side  opposite  the  break,  the  line  being 
the  shadow  of  the  unbroken  leg  of  the  filament-  This  is  de- 
scribed by  Dr.  J.  A.  Flemingl,  who  says  that  he  has  never  seen 
this  shadow  except  in  the  copper  deposit,  that  it  is  never  seen  in 
the  deposit  of  carbon.  To  quote  his  words :  "  Hence  there  must 
^'  be  some  essential  difference  between  the  vaporization  of  the 
"  carbon  and  that  of  the  copper.  The  carbon  deposit  resembles 
^'  more  the  condensation  of  a  vapor  and  is  uniformly  distributed, 
"  but  the  copper  deposit  exhibits  the  character  of  a  molecular  radia- 
"  tion  or  shower  taking  place  from  a  certain  point."  .  He  fidds : 
"  The  whole  phenomenon  calls  at  once  to  mind  the  beautiful  re- 
"  searches  of  Mr.  Crookes  with  vacuum  tubes.  Here,  however, 
"  we  are  dealing  not  with  an  induction  coil  discharge,  but  with  a 
"  comparatively  low  potential."  Let  us  analyze  the  phenomenon. 
The  filament  breaks  at  the  copper  junction,  and  an  electric  arc 
is  formed,  in  which  copper  is  vaporized  with  comparative  ease. 
A  large  volume  of  copper  vapor  is  formed  almost  instantaneous- 
ly in  a  space  almost  devoid  of  other  matter.  The  sudden  ex- 
pansion of  that  vapor  is  sufficient  cause  for  the  projection  of  the 
molecules  in  straight  lines  to  the  walls  of  the  chamber.  It  is 
not  necessary  to  assume  any  refined  electricitl  forces  to  account 
for  the  rectilinear  path.  The  plain  old-fashioned,  unpretenious 
vapor  "  tension  "  that  bursts  our  steam  boilers  is  all-sufficient  to 
account  for  this  rectilinear  projection  across  the  lamp  bulb,  when 
there  is  nothing  in  the  way. 

I  might  quote  many  references  to  show  that  the  carbon  de- 
posit never  shows  a  shadow;  and  Mr.  Proctor  in  the  note 
already  cited,  states  that  a  platinum  deposit  formed  under  pre- 
cisely the  same  conditions  as  the  copper  deposit  described  above, 
never  shows  the  shadow.  This,  no  doubt,  is  due  to  the  much 
lower  tension  of  the  platinum  vapor  produced  at  the  tempera- 
ture of  the  electric  arc.  The  so-called  Edison  effect,  which  con- 
sists in  a  derived  current  through  an  outside  circuit  between  one 
of  the  terminals  of  the  lamp  and  an  idle  pole  placed  between 
the  two  legs  of  the  filament,  has  been  held  to  demonstrate  a 
rectilinear  movement  of  the  gaseous  matter  within  the  bulb. 
W.  H.  Preece  in  a  paper  read  before  the  Society  of  Telegraph 
Engineers  and  Electricians,^  describes  experiments  which  he 
claims  prove  the  rectilinear  character  of  the  motion,  but  either 

1.  The  Electrician,  (London,)  xi.,  65. 

2.  The  Electrician,  (London),  xiv.,  486. 
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there  is  some  error  in  tlfe  publication  of  his  Qxperiinents,  or  they 
do  not  bear  out  liis  conclusions.  The  paper  records  the  details 
of  a  number  of  experiments.  In  Exp.  6,  the  idle  pole  was 
placed  in  a  long  tube  attached  to  the  lamp  bulb  opposite  the  fila- 
ment near  the  bend,  and  extending  in  a  direct  line  from  the  fila- 
ment. At  a  very  high  incandescence  a  very  feeble  current  was 
detected. 

In  Exp.  7,  the  idle  pole  was  in  a  tube  sealed  to  the  lamp 
bulb  at  the  top,  and  then  bent  at  a  right  angle  so  that  the  gase- 
ous molecules  which  carry  the  current  would  have  to  turn  a  right 
angle  to  reach  the  idle  pole.  The  current  developed  wan  nearly 
the  scmie  as  m  Exp,  6,  showing  that  the  molecules  may  turn  a 
right  angle.  This  effect  has  been  relied  on  more  than  any  other, 
perhaps,  as  demonstrating  that  the  carrying  of  the  carbon  from 
the  filament  to  the  walls  is  a  "  Crookes  tube  effect,"  but  it  only 
shows  that  an  electric  current  flows  through  the  gas  within  the 
chamber.  It  does  not  show  that  the  vehicle  is  carbon  in  vapor 
or  in  any  other  form.  Indeed,  the  carrying  of  a  current  through 
a  gas  seems  to  be  an  electrolytic  action,  the  molecules  of  the  gas 
being  separated  into  positive  and  negative  ions,  which  convey  the 
current  exactly  as  in  a  liquid  electrolyte.  I  cannot  see  that  the 
fact  that  a  current  is  carried  from  the  positive  to  the  negative 
heel  of  the  filament,  explains  the  deposit  of  carbon.  Even  if  it  is 
carbon  vapor  that  carries  the  current,  the  fact  that  no  current  is 
apparent  except  at  high  incandescence  would  indicate  that  at  a 
lower  incandescence  there  was  too  little  vapor.  But  whether  it 
is  carbon  vapor  that  carries  the  current  or  not,  and  whether  the 
motion  is  in  right  lines  or  not,  I  do  not  see  that  this  experiment 
has  any  bearing  upon  the  formation  of  the  carbon  deposit  on  the 
walls  of  the  chamber.  As  I  have  said  before,  I  attach  no  signi- 
ficance whatever  to  a  motion  in  right  lines.  There  is  nothing 
peculiar  or  mysterious  about  it.  Newton's  first  law  says :  "Every 
body  continues  in  its  state  of  rest  or  motion  iyi  a  straight  line, 
except  in-so-far  as  it  may  be  compelled  by  force  to  change  that 
state."  All  you  want  is  a  force  to  put  your  molecules  in  motion, 
and  then  keep  every  thing  else  out  of  the  way  and  they  will 
move  in  straight  lines.  All  that  the  rectilinear  motion  demon- 
strates is  the  absence  of  interfering  forces ;  it  does  not  in  any 
way  indicate  the  character  of  the  force  that  imparted  the  mo- 
tion. We  must  look  farther  in  order  to  determine  that.  Piob- 
ably  in  the  Crookes  tubes  the  force  that  projects  the  molecules 
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is  largely  electrical  repulsion,  but  even  here  it  is  open  to  ques- 
tion. We  know  that  under  suitable  conditions,  the  material  of 
the  electrode  is  volatilized  and  the  vapor  deposited  on  the  walls 
of  the  chamber  or  other  surface  within  it.  Prof.  Wright,  some 
years  ago,^  investigated  the  formation  of  these  coatings  and  pro- 
duced in  this  way  beautiful  metallic  mirrors.  Prof.  Crookes,  in 
a  paper  read  before  the  Royal  Society,  June  11,  1891,^  upon 
"Electrical  Evaporation,"  describes  experiments  to  determine  the 
increase  in  the  amount  of  vapor  formed  under  the  influence  of  the 
electric  discharge,  as  compared  with  that  produced  by  heat  alone 
at  the  same  temperature.  Water  shows  a  decided  increase  in 
evaporation  when  connected  to  the  negative  pole  of  the  coil,  and 
metals  vaporize  at  temperatures  at  which  they  would  not  under 
ordinary  conditions  vaporize  at  all. 

Prof.  Wright,  in  a  private  letter  to  me,  states  that  to  obtain 
his  metallic  mirror  deposits,  it  was  necessary  to  use  a  small  wire 
one-fourth  of  a  millimetre  or  so  in  diameter  for  the  electrode,  in 
order  to  concentrate  the  electric  action.  This  was  frequently 
heated- red  hot.  The  best  vacuum  for  the  purpose  was  y^  to 
•yfir  of  an  atmosphere.  With  a  higher  vacuum,  the  metallic 
vapor  spread  out  and  deposited  all  around  on  the  vessel  instead 
of  being  confined  to  the  object  to  be  covered.  With  the  proper 
vacuum,  and  a  coil  capable  of  giving  a  spark  of  four  or  five  centi- 
metres in  length,  the  discharge  near  the  electrode  is  dense  vapor, 
which  gives  usually  the  characteristic  metallic  spectrum,  and  in 
this  the  surface  to  be  coated  must  be  placed.  If  placed  too  far 
from  the  electrode  the  deposit  is  sooty.  In  this  experiment  the 
electric  energy  vaporizes  the  metal  partly  by  raising  the  temper- 
ature of  the  electrode,  and  partly  by  the  direct  action  of  electric 
forces.  The  vapor  formed  is  hot  enough,  that  is,  the  molecules 
separated  have  motion  enough  to  give  the  light  required  for  the 
characteristic  spectrum.  The  tension  of  the  vapor  is  sufficient 
to  force  back  the  gas,  and  almost  exclude  it  from  the  space  near 
the  electrode,  further  away  the  vapor  mixes  with  the  cooler  gas, 
the  vapor  molecules  give  up  to  the  gaseous  molecules  some  of 
their  motion,  and  then  coalesce  into  a  metallic  dust  that  gives  a 
sooty  deposit  on  a  surface  in  that  region. 

The  case  is  exactly  that  of  the  vapor  issuing  from  a  tea-kettle 
under  atmospheric  pressure.     The  vapor  forces  back  the  air  and 

1.  Am,  Jour,  of  Set.,  xiii,  49,  and  xiv,  169. 

2.  The  Electrician  (London),  xxvii.,  197. 
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at  a  short  distance  from  the  spout  is  pure  aqueous  vapor.  A 
little  further  away  it  mixes  with  the  cool  ai^  and  condenses  into 
a  cloud  of  liquid  particles. 

But  in  all  these  cases  where  vaporization  is  aided  by  electrical 
forces,  the  results  are  obtained  by  the  use  of  great  differences  of 
potential — thousands  of  volts ;  while  in  the  incandescent  lamp  the 
difference  is  never  much  over  one  hundred  volts. 

And,  moreover,  all  incandescent  lamps,  whether  made  for  110, 
50,  30,  or  7i  volts,  blacken  when  run  at  an  abnormal  voltage. 
The  blackening  depends  upon  the  temperature  of  the  filament, 
and  not  upon  the  absolute  potential  difference  in  the  lamp. 
Surely,  if  electrical  forces  played  any  part  in  the  vaporization  of 
the  carbon,  the  effect  should  be  greater  in  a  110  than  in  a  7i  or 
even  a  50-volt  lamp. 

Let  us  consider  for  a  moment  the  other  objection  to  the  vapor- 
ization theory,  that  carbon  cannot  be  vaporized  except  at  an 
enormously  high  temperature.  What  proof  is  there  that  it  can- 
not be  ?  The  fact  that  carbon  cannot  be  melted  or  even  soft- 
ened at  any  temperature  we  can  produce,  has  been  adduced  as 
proof  that  it  cannot  be  vaporized.  But  there  are  many  solids 
that  can  be  vaporized,  although  they  cannot  be  melted. 

Ammonium  chloride  is  a  notable  example.  Ice  cannot  be 
melted  in  a  vacuum,  although  it  will  rapidly  vaporize.  Ice  will 
also  vaporize  rapidly  under  full  atmospheric  pressure  at  a  tem- 
perature below  the  melting  point,  if  the  vapor  formed  is  kept 
out  of  the  way  by  a  current  of  air. 

Depretz,  some  fifty  years  ago,'  experimented  upon  carbon  at 
high  temperatures,  first  in  a  vacuum  and  then  under  pressure  in 
an  inert  gas.  In  a  vacuum  the  carbon  was  rapidly  vaporized  and 
deposited  on  the  walls  of  the  vessel,  and  broke  before  a  temper- 
ature could  be  reached  at  which  it  showed  signs  of  softening. 
Under  a  pressure  of  three  atmospheres,  however,  in  an  atmos- 
phere of  nitrogen,  a  much  higher  temperature  was  reached,  and 
when  the  carbon  rod  broke  it  sometimes  bent  by  its  own  weight 
in  the  form  of  a  letter  S.  He  was  also  able  to  wdd  together 
sticks  of  carbon  by  means  of  the  electric  current,  probably  one 
of  the  earliest  instances  of  electric  welding. 

It  is  a  well  known  fact  that  in  the  electric  arc,  carbon  exists  in 
the  form  of  vapor.  The  vapor  often  condenses  on  the  cooler 
negative  carbon,  producing  a  sort  of  mushroom  growth.     That 

1.  CompUs  lUndus,  xxviii.  and  xxix. 
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it  is  not  in  the  form  of  a  finely  divided  solid  in  the  arc  is  evi- 
dent from  the  faint  Jumiuosity,  and  from  the  fact  that  the  arc 
gives  the  carbon  spectrum.  Carbon  vapor  is,  as  shown  by  the 
spectrum,  also  found  in  the  non-lumino'js  base  of  a  coal  gas 
flame,  but  the  molecules  soon  begin  to  coalesce  into  carbon  dust 
which,  raised  to  incandescence,  gives  the  luminosity  to  the  flame. 
We  cannot  very  much  increase  the  luminosity  of  a  gas  flame  by 
raising  its  temperature  by  forced  draft  or  hot  blast,  as  the  in- 
creased temperature  prevents  the  condensation  into  solid  dust 
and  may  destroy  the  luminosity  altogether.  Dr.  Nichols  ^  has 
pointed  out  that  the  temperature  of  a  gas  flame  is  not  far  from 
that  of  the  filament  of  a  stable  incandescent  lamp,  and  called 
attention  to  the  bearing  of  this  fact  upon  any  attempts  to  im- 
prove the  incandescent  lamp  by  raising  the  temperature  of  the 
filament. 

I  think  the  facts  and  considerations  I  have  brought  to  your 
notice,  show  not  only  that  there  is  no  reason  for  denying  the  va- 
porization of  the  carbon  filament,  but  that  there  is  every  reason 
for  believing  that  such  vaporization  takes  place,  and  whether 
that  vaporization  is  aided  to  any  material  degree  by  the  electri- 
cal forces  or  not,  it  is  subject  to  the  same  laws  as  the  vaporiza- 
tion of  other  substances. 

What  is  vaporization  ?  Modern  theories  of  the  constitution  of 
matter  assume  that  the  molecules  of  all  bodies  are  in  a  state  of 
motion.  In  consequence  of  this  motion,  some  of  the  molecules 
at  the  free  surface  of  some  liquids  and  solids  fly  beyond  the 
sphere  of  molecular  attraction  that  binds  them  in  the  liquid  or 
solid  form,  and  when  once  beyond  that  attraction  they  continue 
on  in  straight  lines  until  turned  from  their  course  by  impact  with 
other  molecules  or  with  the  boundary  of  the  space  in  which  the 
body  is. 

These  free  molecules  constitute  the  vapor  of  the  substance. 
Place  a  lump  of  ice  under  a  bell-jar  perfectly  void  of  other 
matter.  Molecules  will  leave  its  free  surface  and  shoot  across 
the  space  in  straight  lirws  to  the  walls,  where  they  will  rebound 
and  on  their  return  may  collide  with  other  molecules,  or  may  go 
back  and  join  their  fellows  in  the  solid  lump.  But  the  number 
of  molecules  that  escape,  will  exceed  those  that  return  until,  if 
the  temperature  be  zero  centigrade,  the  pressure  of  the  vapor 
reaches  4.6  millimetres  of  mercury,  at  which  pressure  the  return- 

1.  Electric  Club  Pamphlets.  No.  24. 
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ing  molecules  will  exactly  make  up  for  those  that  escape,  and 
the  ice  will  no  longer  lose.  Suppose  the  bell-jar  had  contained  air. 
It  would  make  no  difference  to  the  fact  of  vaporization.  If  the 
ice  is  at  such  a  temperature  that  the  molecules  escape  at  all,  they 
will  still  escape  when  the  air  is  present,  but  many  of  them  will 
at  once  collide  with  air  molecules  and  be  turned  back,  and  the 
result  will  be  that  there  will  soon  be  so  many  vapor  molecules  in 
the  layer  next  the  ice,  that  the  returning  molecules  will  nearly 
equal  the  escaping  molecules,  and  evaporation  will  take  place 
very  slowly ;  but  all  the  while  some  molecules  of  the  ice  vapor 
will  find  their  way  among  the  air  molecules  to  greater  and 
greater,  distances,  and  the  perfect  balance  between  the  outgoing 
and  returning  molecules  will  not  take  place  until,  at  the  same 
temperature,  the  number  of  the  free  molecules  is  the  same  as 
before.  Suppose  in  the  first  instance,  when  we  had  the  vacuum 
to  start  with,  the  bell-jar  was  kept  at  a  temperature  of  say  —  5°, 
while  the  ice  remained  at  0°,  some  vapor  molecules  would  coa- 
lesce to  form  frost  on  the  inner  surface  of  the  bell-jar,  and  since 
the  pressure  of  aqueous  vapor  at  —  5°  is  only  3.1,  while  at  0°  it 
is  4.6  mm.  of  mercury,  there  will  be  a  constant  flow  of  vapor  to- 
ward the  walls  until  the  lump  of  ice  is  all  gone.  If  under  the 
same  conditions,  as  to  temperature,  the  bell-jar  contains  air,  pre- 
cisely the  same  thing  will  take  place,  except  much  more  slowly. 
If  the  air  in  the  bell- jar  be  at  —  5°  the  vapor  molecules  in  their 
collisions  with  the  air  molecules  will  lose  some  of  their  motion, 
some  of  them  will  coalesce  to  form  frost  crystals  in  the  air,  and 
we  might  have  a  cloud  or  even  a  fall  of  snow.  If  our  lump  of 
ice  were  made  the  negative  electrode  of  an  induction  coil  the 
agitation  of  its  molecules  would  no  doubt  be  increased,  more  of 
its  surface  molecules  might  be  driven  off,  and  with  greater  veloc- 
ity, they  might  go  in  straight  lines  to  much  greater  distances 
before  being  deflected,  but  it  would  in  no  way  alter  the  general 
result.  The  presence  of  air  would  retard  both  the  deposit  of 
frost  on  the  walls,  and  the  waste  of  the  lump  of  ice. 

The  bearing  of  all  this  upon  the  action  going  on  in  the  incan- 
descent lamp  is  obvious.  At  the  high  temperature  of  the  carbon 
filament,  carbon  molecules  do  sometimes  get  beyond  the  reach  of 
molecular  attraction.  These  molecules  will,  when  once  they 
leave  the  filament,  if  there  is  nothing  in  their  path,  go  straight 
to  the  walls  of  the  chamber.  Because  of  the  lower  tempera- 
ture of  the  walls,  the  molecules  will  lose  something  of  their 
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motion  by  the  impact,  and,  after  sacceseive  collisions,  will  have 
lost  so  much  that  they  will  coalesce  and  form  a  coating  of  solid 
carbon  on  the  walls. 

The  condition  here  is  precisely  the  same  as  that  of  the  ice  in 
vacuo.  The  free  molecules  of  carbon  constitute  a  true  carbon 
vapor.  Nothing  that  we  know  of  carbon  warrants  us  in  deny 
ing  this,  and  all  we  do  know  favors  the  conclusion.  The  maxi- 
mum tension  of  the  vapor  is  extremely  low,  equivalent  to  saying 
the  velocity  of  the  molecules  is  small,  hence  the  presence  of  a 
gas  of  low  pressure  is  sufficient  to  check  the  motion  and  cause 
the  molecules  to  quickly  accumulate  at  the  maximum  density 
near  the  carbon  filament,  when  the  molecules  will  return  to  it 
as  rapidly  as  they  escape. 

But  in  the  lamp  a  new  condition  is  met  with,  one  that  would 
be  hardly  appreciable  in  the  bell-jar  in  our  ice  experiment.  In 
consequence  of  the  great  difference  of  temperature  between  the 
filament  and  the  walls,  convection  currents  will  be  set  up  in  any 
gas  contained  in  the  chamber.  The  layer  of  saturated  vapor 
near  the  filament  will  be  carried  away  by  these  currents  of  gas, 
leaving  room  for  the  formation  of  more  vapor  and  further  waste 
of  the  filament.  But  there  is  a  great  difference  in  gases  as  to  the 
formation  of  convection  currents  and  it  is,  therefore,  not  a  matter 
of  indifference  what  gas  is  used  in  the  lamp  chamber.  It  should 
be  a  gas  in  which  convection  currents  are  a  minimum. 

Gases  of  great  molecular  weight,  like  bromine  and  iodine,  pos- 
sess the  desired  qualities,  and  when  used  in  proper  quantity  in 
the  lamp  chamber  not  only  prevent  the  blackening  but  retard  in 
some  degree  the  waste  of  the  filament.  If  we  could  in  any  way, 
by  mechanical  means  or  otherwise,  still  further  check  the  circu- 
lation of  the  gas  within  the  lamp  chamber,  we  should  still  fur- 
ther check  the  waste  of  the  filament  and  prolong  the  life  of  the 
lamp. 

I  call  your  attention  again  to  the  results  of  the  experiments 
with  bromine  lamps.  Under  all  conditions  of  running  at  normal 
or  abnormal  temperatures  they  blacken  less  than  high  vacuum 
lamps,  they  also  increase  less  in  resistance,  and,  therefore,  for 
both  reasons  their  candle  power  is  better  maintained.  I  have 
shown  that  this  is  just  what  we  should  expect  from  all  known 
laws  of  the  formation  and  condensation  of  vapors.  I  have,  per- 
haps, spent  more  time  than  was  needful  upon  the  question  of  the 
electrical  agency  in  the  formation  and  carrying  of  the  vapor,  but 
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there  seemed  to  be  sucli  an  air  of  mystery  surrounding  the 
"  Crookes  tube  effect,"  or  "  electric  carrying,"  or  passage  in 
"  straight  lines,"  that  I  thought  it  worth  while  to  try  and  clear 
that  up,  so  far,  at  any  rate,  as  it  relates  to  incandescent  lamps. 
It  all  comes  to  this,  that  electrical  vaporization — vaporization 
mainly  produced  by  the  direct  action  of  electrical  forces — is 
only  observed  in  connection  with  great  differences  of  potential, 
sufficient  to  give  sparks  several  centimetres  long  in  air.  The 
rectilinear  motion  is  only  a  consequence  of  the  freedom  from  in- 
terference. In  the  incandescent  lamp  the  potential  differences  are 
small,  the  temperature  is  higher  than  that  of  a  gas  flame  where 
carbon  vapor  does  exist.  Why,  then,  should  it  not  exist  in  the 
lamp,  as  a  result  of  the  high  temperature  alone  ?  Recognizing 
its  formation  there,  and  considering  all  the  various  conditions 
that  exist  in  the  lamp  chamber,  it  is  seen  at  once  that  the  light 
and  mobile  gases  might,  although  they  prevent  the  blackening  of 
the  walls  of  the  chamber,  increase  the  waste  and  shorten  the  life 
of  the  filament,  and  we  are  led  at  once  to  the  selection  of  a 
heavy  and  viscous  gas.  With  such  a  gas  in  the  lamp,  and  a 
properly  proportioned  filament,  the  initial  efficiency  may  be 
carried  as  high  as  in  the  vacuum  lamps  and  the  efliciency  and 
illuminating  power  will  be  well  preserved  to  the  end.  Since 
the  resistance  of  the  filament  does  not  increase,  it  has  not  the 
advantage  of  working  at  a  lower  and  lower  temperature  as  is  so 
often  the  case  with  the  vacuum  lamps,  the  strains  due  to  sudden 
changes  of  temperature  in  extinguishing  and  relighting  the  lamps 
are  greater  because  of  the  higher  temperature,  and  it  is  to  be 
expected  that  the  rupture  of  the  filament  will  occur  earlier  in 
its  life.  But  experience  goes  to  show  that  the  bromine  lamp 
will  outlast  the  efficient  life  of  the  vacuum  lamp  and  give  a 
more  satisfactory,  because  a  more  uniform,  service. 
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Discussion. 

The  President  : — I  will  call  on  Prof.  Robb,  of  Hartford,  to 
open  the  discussion. 

Prof.  Wm.  Lispenard  Robb  : — I  think  I  voice  the  sentiment 
of  the  Institute  in  saying  that  we  are  indebted  to  Profest^or 
Anthony  for  a  very  interesting  paper  on  a  most  important  sub- 
ject, i  have  been  more  and  more  impressed  of  late  with  the 
great  need  of  a  lamp  of  constant  efficiency,  rather  than  of  a 
lamp  of  high  initial,  but  constantly  decreasing,  efficiency.  All 
the  work  oi  manufacturers  of  late  seems  to  have  been  devoted 
to  getting  lamps  of  as  high  initial  efficiency  as  possible,  and  con- 
sequently we  have  lamps  whose  candle  power  decreases  very 
appreciably  from  week  to  week,  and  month  to  month.  >low,  in 
a  large  room,  that  does  not  cause  any  very  great  difficulty,  be- 
cauge  after  the  service  has  been  going  on  for  some  time  there 
will  be  a  continual  renewal  of  lamps,  and  we  shall  soon  get  into 
a  condition  where  we  will  have  an  average  amount  of  light  in 
the  room.  But  in  the  application  of  electricity  to  house  light- 
ing, where  we  have  from  one  to  four  lamps  in  a  room,  it  is  a 
cause  of  great  annoyance  to  have  lamps,  which  first  give  out 
sixteen  candle  power,  and  at  the  end  of  six  weeks  or  two 
months  give  twelve  candle  power.  Professor  Anthony  seems 
to  have  pointed  out  a  way  to  overcome  this  difficulty.  I 
confess  the  iirst  lamp  I  ever  saw  of  tlie  Waring  company's 
manufacture  rather  prejudiced  me  against  the  lamps.  1  remem- 
ber having  a  few  submitted  to  me  by  the  Hartford  Electric 
Light  Company  for  test,  and  finding  that  they  required  about 
4.5  watts  per  candle  power.  That  was  at  the  time  when  the 
Waring  Electric  Company  was  using  filaments  which  were  manu- 
factured for  use  in  high  vacuum  lamps.  Before  shutting  down, 
they  were  manufacturing  lamps  which  had  comparatively  high 
efficiencies.  I  have  never  seen  before,  the  result  of  any  tests  of 
Waring  lamps  made  under  normal  conditions,  but  thejj^  evidently 
coincide  with  what  was  expected  from  the  tests  which  various 
electricians  have  made  of  the  lamp  under  forced  conditions. 
There  is,  however,  a  certain  value  to  be  attached  to  the  tests 
under  forced  conditions.  As  is  well  known,  the  deterioration  in 
candle  power  of  an  incandescent  lamp  is  very  different  on  a 
commercial  circuit  from  what  it  is  in  an  ordinary  test  on  a 
battery.  The  deterioration  is  caused  to  a  great  extent  by  the 
abnormally  high  voltages  which  are  furnished  by  nearly  all  com- 
mercial companies  at  certain  times,  and  the  forced  tests  certainly 
show  the  advantage  of  bromine  lamps  in  withstanding  this  hard 
usage. 

I  fully  agree  with  Prof.  Anthony  in  his  opinion  that  the 
blackening  of  the  bulb  is  chiefly  due  to  the  evaporation  of  the 
carbon.  We  have  three  theories  put  forward  to  explain  the 
wasting  away  of  the  carbon  and  the  consequent  blackening  of 
the  lamp.  We  have  the  air-washing  theory  what  we  might  call 
the  Crookes  effect  theory,  and  the  theory  of  simple  ordinary 
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evaporation.  Now  it  seems  to  me,  if  it  is  an  air- washing  phe- 
nomenon, due  to  convection  currents,  this  air-washing  must  be 
nearly  proportional  to  the  temperature  of  the  tilaraent.  If  it  is  an 
electrical  phenomenon,  it  must  be  approximately  proportional  to 
the  voltage  at  which  the  lamp  runs.  Now  what  do  we  find  ?  The 
most  complete  tests  that  I  am  acquainted  with  in  regard  to  the 
efficiency  of  electric  lamps,  are  an  exhaustive  set  which  was 
made  at  Zurich  by  Professor  II.  F.  VVeher.  to  whom  we  are 
indebted  for  those  extremely  valuable  tests  of  the  efficiency  of 
the  Frankfort-Lauflfen  transmission  plant.  I  selected  at  random 
a  test  of  what  he  denominates  the  newest  Edison  lamp.  The 
lamp  was  marked  16  candle  power  at  100  volts.  He  states  that 
at  loO  volts  and  a  fracti<»n,  it  gave  16  candle  power  with  an  effi- 
ciency of  3.04  watts  per  candle  power  and  that  the  filament  was 
at  a  temperature  of  1573°  C.  At  108  volts  and  a  fraction,  he 
gives  the  candle  power  as  25.8,  the  efficiency  as  2.25  watts  per 
candle  power,  and  the  temperature  as  1610°  C.  We  have 
there  a  difference  in  voltage  of  eight  volts,  and  a  difference  in  tem- 
perature of  37  degrees.  Now  it  seems  to  me  that  a  difference  in 
temperature  of  37  degrees  in  that  part  of  the  scale,  that  is  from 
1573°  to  1610°,  would  not  produce  any  great  difference  in  air- 
washing — anything  like  enough  to  account  for  the  difference  in 
the  rate  of  blackening  of  the  bulb  of  the  lamp  when  run  at  those 
two  different  efficiencies,  at  3  watts  per  candle  power  and  at  2^ 
watts  per  candle  power.  Nor  could  a  difference  of  8  volts,  from 
100  to  108  volts,  cause  sufficient  difference  in  any  electrical 
phenomenon  to  cause  the  great  difference  in  the  rate  of  blacken- 
ing. But  it  seems  to  me  that  the  rate  of  evaporation  at  those 
two  different  temperatures  could  be  very  different.  If  we  con- 
sider the  evaporation  of  ice,  or  what  bears  more  fully  on  this 
subject  than  any  other  research  I  know  of,  one  by  rrofessors 
Kamsay  and  Young  on  rate  of  evaporation  of  camphor  under 
different  pressures  and  at  different  temperatures— we  shall  find 
that  a  very  slight  difference  in  the  pressure,  or  a  very  slight  dif- 
ference in  the  temperature,  when  you  are  at  a  certain  point  on  the 
scale,  can  cause  a  very  great  difference  in  the  rate  of  evaporation. 
It  seems  to  me,  therefore,  that  of  the  three  explanations,  that  is, 
air-washing,  the  Crookes  effect  and  evaporation,  the  theory  of  the 
wearing  away  of  the  carbon  by  evaporation  pure  and  simple  is 
the  one  which  is  most  in  accordance  with  the  experimental  facts. 

The  President  :— Gentlemen,  before  calling  on  the  other 
members  for  remarks,  I  would  say  that  I  have  two  communica- 
tions here,  one  from  Professor  Elihu  Thomson  and  the  other 
from  Mr.  Edward  P.  Thompson.  Is  it  your  wish  to  hear  these 
before  the  rest  of  the  discussion  or  subsequently  ? 

Dr.  Pupin  an:l  others : — Before. 

The  President: — In  the  absence  of  the  Secretary  I  will  read 
them.     This  is  from  Professor  Elihu  Thompson. 

Prof.  Elihu  Thomson  : — The  facts  and  reasoning  put  forward 
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iu  Professor  Anthony's  paper  are  the  more  interesting  to  me,  as 
his  conclusion  as  to  the  cause  of  blackening  of  bulbs  or  ^^  age 
coating,"  agrees  with  my  own  view  of  the  matter,  a  view  which 
I  have  had  for  several  years,  and  which  I  brought  out  last  year 
in  a  paper  on  the  Life  of  Incandescent  Lamps  in  the  Lehigh 
QuaHerly  (Lehigh  University).  It  has  been  known  for  a  long 
time  past  that  the  very  highest  vacuum  was  not  so  beneficial  to 
the  life  of  lamps  as  a  more  moderate  exhaustion  ;  and  Mr  Edison 
patented  the  use  of  a  residual  chlorine  atmosphere  in  about  1883. 
A  residual  bromine  or  iodine  vapor  would  appear  to  be  possibly 
better  than  chlorine,  but  in  the  same  line  of  work,  and  owing  to 
the  close  chemical  relations  of  the  three  elements,  any  effect  ob- 
tainable with  one  might  be  expected  to  be  obtained  in  a  greater 
or  le88  degree  from  the  substitution  of  another,  or  even  the  sub- 
stitution of  two  others  together  in  the  bulb.  A  mixed  bromine 
and  iodine  vapor  may  give  even  better  results,  or  a  mixed  chlo- 
rine and  bromine  or  iodine.  After  all,  the  merit  of  such  admix- 
tures, or  even  of  the  use  of  a  diluent  like  bromine,  may  require 
some  further  experience  to  settle.  It  is  a  well  known  fact  that 
incandescent  lamps  starting  with  a  rather  low  vacuum  often  im- 
prove their  vacuum  automatically  during  the  run.  My  opinion 
as  to  the  cause  of  this  improvement  has  long  been,  that  the  firet 
beginning  of  the  production  of  soot  or  separation  of  solid  carbon 
at  normal  potentials,  causes,  by  the  separated  carbon  particles, 
absorption  of  the  residual  gas  so  as  to  improve  the  vacuum. 
Fine  carbon  has,  as  is  known,  a  powerful  gas  absorbing  ten- 
dency, and  although  the  amount  formed  may  be  so  slight  as  to 
be  totally  imperceptible  in  the  bulb,  it  may  still  be  present  in 
sufficient  quantity  to  have  the  effect  noted. 

The  bearing  of  these  facts  on  the  sustained  brilliancy  of  a 
lamp  started  with  a  lower  vacuum  is  evident.  If  the  gas  pres- 
ent he  gradvaUy  taken  np,  the  efficiency  of  light  p7*oduction 
will  rise  and  compensate  jor  the  change  in  the  filament  as  the 
time  goes  hy, 

I  agree  with  Professor  Anthony,  and  my  views  were  brought 
out  in  the  papei*  above  referred  to,  that  the  age  coating  is  more 
evidently  due  to  simple  vaporization  of  carbon,  than  to  the  many 
causes  which  have  been  assumed  for  it.  I  quite  agree  with  him 
that  the  carbon  leaving  the  filament  is  vaporous,  i)ut  I  think  it 
must  condense  at  once  just  outside  the  filament,  and  not  pass  out 
into  the  bulb  as  vapor  in  ordinary  cases.  I  have  a  ^hvolt  incan- 
descent lamp  in  my  possession  which  was  accidently  connected 
for  a  moment  to  alternating  mains  of  large  carrying  capacity  of 
1,000  volts  potential  difference.  The  lamp  actually  survived  the 
shock,  and  is  in  good  condition  with  one  exception.  While  the 
bulb  glass  is  perfectly  clean  and  clear,  there  exists  a  flocculent 
mass  of  soot  which  is  coherent  and  falls  about  within  the  lamp. 
It  is  a  comparatively  large  mass,  and  at  first  surrounded  the  fila- 
ment as  a  delicate  mantle,  evidently  formed  by  a  dense  evolution 
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of  carbon  vapor  coDdeDsing  immediately  around  the  carbon  in 
the  vacuous  space.  Here  the  age  coating  (?)  was  too  dense  to 
reach  the  sides  of  the  bulb.  The  lamp,  however,  is  a  significant 
example  of  the  normal  action  of  vaporization  highly  intensified. 
The  nlament  retains  its  steely  lustre. 

Contrary  to  the  statement  of  the  paper  that  no  shadow  on  the 
bulb  is  ever  formed,  except  from  the  metal  vapor,  I  am  confident 
that  I  have  seen  it  in  series  lamps  when  the  carbon  broke,  and  in 
cases  of  as  sudden  evolution  of  carbon  vapor  as  of  the  metal 
vapor  from  the  supporting  wires.  In  a  good  vacuum,  the  carbon 
vapor  condensing  would  give  particles  which  would  move  in 
rectilinear  paths  as  the  metallic  vapors.  The  shadow  effect  is 
dependent  on  a  local  evolution  of  vapor,  with  a  part  of  the  wire 
or  filament  between  the  point  of  evolution  (as  the  joint)  and  the 
opposite  glass  surface.  It  would  not  be  expected  where  the 
evolution  of  carbon  vapor  is  nearly  uniform  from  all  parts  of 
the  carbon  filament  as  m  the  normal  wear  of  the  carbon.  I  am 
also  confident  that  I  have  seen  platinum  shadows,  where  only 
platinum  and  no  copper  was  present  with  the  carbon. 

As  bearing  on  the  statement  of  the  paper  that  the  carrying  of 
a  current  through  a  gas  seems  to  be  an  electrolytic  action,  and 
confirming  the  same,  I  may  say  that  I  have  a  lamp  which  has 
copper  terminals  in  the  bulb,  and  which  shows  attached  to  the 
copper  wires,  fine  hair-like  or  leaf -like  projections,  evidently  pro- 
duced by  current  passing  the  vacuous  space  between  the  wires 
and  carrying  copper,  the  development  resembling  lead  and  other 
metallic  trees  formed  by  electrolysis  of  solutions.  Lamps  have 
been  known  to  short-circuit  from  this  cause. 

I,  at  one  time,  experimented  on  arcs  formed  between  metal 
electrodes  in  a  highly  vacuous  chamber,  and  found  that  it  was 
easy  to  coat  objects  with  metallic  shining  mirrors—  silver  giving 
a  very  bright  coating.  With  a  large  current  the  effect  is  instan- 
taneous. 

The  paper  states  that  "  The  fact  that  carbon  cannot  be  melted, 
or  even  softened,  at  any  temperature  we  can  produce,  has  been 
adduced  as  proof  that  it  cannot  be  vaporized."  This  is  not 
strictly  a  correct  statement.  Carbon  can  readily  be  softened  and 
bent  at  temperatures  approaching  that  of  the  positive  crater  of 
an  arc  lamp,  as  I  have  proved  conclusively.  I  have  some  bent 
sticks  in  my  possession  made  from  straight  sticks  of  five-six- 
teenths carbon.  The  carbon  in  the  crater  of  a  large  arc  is  always 
soft  and  putty-like.  As  a  matter  of  opinion,  I  think  that  carbon 
will  readilv  melt  when  subjected  to  the  highest  incandescence 
surrounded  by  inert  gas  at  very  high  pressure.  I  am  not  aware 
that  the  experiment  has  yet  been  tried  under  extreme  conditions. 

I  think  no  one  now  doubts  that  the  arc  stream,  or  flame  be- 
tween the  carbons  of  an  arc  lamp,  is  due  to  carbon  vapor  and 
not  to  carbon  particles  evolved  from  the  crater  surface. 

I  am  glad  that  Professor  Anthony  has  put  forward  in  such  a 
clear  and  comprehensive  manner,  the  arguments  showing  that 


154  ANTHONY  ON  THE  INCANDESCENT  LAMP,         [Mar.  21. 

slow  evaporation  of  solid  carbon  is  the  true  cause  of  lamp  bulb 
blackening.  How  often  it  is  that  complicated  theories  are  put 
forward  to  account  for  simple  facts,  when  at  last  it  may  be  found 
that  such  theories  were  never  needed.  Little  lurther  proof  is 
needed  to  establish  the  fact  that  simple  evaporation  at  the  high 
temperature  amply  accounts  for  wear  of  carbon  in  incandescent 
lamps,  and  for  crater  emanation  in  arcs. 

Mb.  Edward  P.  Thompson  : — The  author  has  alluded  to  the 
question  as  to  whether  any  injurious  action  takes  place  between 
mercury  and  highly  incandescent  carlwn.  1  made  repeated  and 
crucial  experiments  upon  this  subject,  but  have  not  heretofore 
published  an  account  of  them.  They  may,  perhaps,  be  appropri- 
ately considered  as  a  part  of  this  discussion.  Professor  Anthony, 
as  I  remember,  states  that  it  does  not  seem  probable  that  mer- 
cury vapor  exists  in  the  lamp,  which  during  exhaustion  has  a 
direct  connection  with  liquid  mercury.  One  object  of  my  ex- 
periment was  to  be  absolutely  sure  that  the  filament  was  in  an 
atmosphere  of  mercury,  and  then  to  turn  on  the  current  and  raise 
the  temperature  to  whiteness,  probably  3,000°;  I,  therefore,  put 
mercury  into  a  lamp  and  boiled  the  mercury  for  half  an  hour,  let- 
ting the  excess  of  vapor  pass  out  of  the  lamp.  The  boiling  was 
effected  by  burying  the  lamp  bulb  in  sand  which  was  heated 
greatly  ai)ove  the  boiling  point  of  mercury.  At  tir^t  the 
air  was  crowded  out,  then  a  mixture  of  air  and  mercury, 
and  finally,  nothing  but  pure  mercury  vapor  and  boiling  mer- 
cury remained  in  the  bulb  with  the  filament.  The  vapor  could 
be  seen  issuing  at  a  distance  from  the  outlet,  and  further  still, 
condensing  upon  a  cold  surface.  The  filament  was.  therefore, 
surrounded  by  an  atmosphere  of  mercury.  In  such  a  state  the 
current  was  passed  through  the  filament,  which  did  not  burn  up 
in  the  mercurial  atmosphere,  as  it  would  have  don^  in  oxygen  or 
many  other  substances  which  are  combinable  with  mercury. 
Perhaps  no  better  condition  can  ever  be  obtained  for  practically 
proving  that  mercury  will  not  combine  freely  with  carbon 
directly  at  a  high  temperature.  The  atmosphere  was  rich  in 
mercury,  being  actually  all  mercury.  The  filament  was  at  a 
white  incandescence.  The  experiment  was  continued  for  half 
an  hour,  and  was.  repeated  with  different  lamps  twenty-five  times. 
These  experiments,  as  thus  far  described,  proved  certainly  that 
carbon  and  mercury  do  not  freely  combine ;  but  how  about  a 
slow  combustion?  While  the  mercury  was  escaping,  the  lamps 
were  sealed  and  cooled,  and  the  mercury  allowed  to  run  into  a 
little  tube  extending  from  the  lamp,  so  that  this  tube  could  be 
sealed  off,  and  the  remaining  mercury  liquid  thus  removed  from 
the  bulb  of  the  lamp.  These  lamps  lasted  almost  uniformly 
only  about  fifty  hours,  because  the  filaments  were  slowly  con- 
sumed by  the  mercury  vapor.  The  condensation  of  the  mercury 
had  left  so  perfect  a  vacuum  as  to  the  air,  that  a  trace  of  the  mer- 
cury vaporized  and  formed  an  attenuated  atmosphere  of  mercury. 
This  result  agrees  with  those  of  others  made  in  other  directions. 
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For  example,  it  has  been  noticed  by  those  who  exhaust  lamps, 
that  it  is  not  well  to  continue  the  exhaustion  too  long  for  the 
lamps  do  not  last  so  long,  and  the  reason  is  thought  to  be  that 
when  the  vacuum  is  too  complete,  a  point  is  reached  wliere  the 
mercury  of  the  pump  vaporizes  and  surrounds  and  destroys  the 
filament.  Mercury  appears,  therefore,  as  one  of  the  heavy  gases, 
which  should  not  exist  in  an  incandescent  electric  lamp. 

Mr.  John  W.  Howell: — In  my  discussion  of  Prof.  Anthony's 
paper,  T  will  consider  first  the  blackening  of  lamps,  and  then  the 
effect  of  heavy  gases  in  lamps.  The  theory  which  Prof.  Anthony 
has  set  forth  in  regard  to  the  blackening  of  lamps  by  evap- 
oration, has  been  accepted  as  the  proper  explanation  of  one  kind 
of  blackening  by  lamp  manufacturers.  But  all  blackening  is  not 
caused  by  evaporation  as  I  will  show  later.  Carbon  filaments  can 
be  softened  very  easily.  If  a  little  weight  be  fastened  at  the  end 
of  the  loop  of  a  filament  and  it  be  run  at  a  pressure  a  little 
above  its  normal,  it  can  be  bent  in  any  shape.  The  filament  will 
be  just  as  rigid  in  its  new  position  as  it  was  before.  I  have  seen 
an  incandescent  filament  in  an  upright  position  so  softened  by  an 
excessive  current  that  it  would  not  sustain  its  own  weight ;  it 
wilted,  so  that  the  parallel  legs  crossed  one  another.  When  the 
current  was  turned  off  the  carbon  was  perfectly  rigid  in  its  new 
position.  The  molecules  of  carbon  set  free  by  evaporation,  fiy 
from  the  filament  as  Prof.  Anthony  says,  in  straight  lines  They 
are  projected  from  every  part  of  the  filament  and  do,  contrary  to 
Prof.  Anthony's  opinion  cast  shadows  on  the  globes.  The  reason 
why  they  do  not  cast  shadows  in  most  lamps  is  that  the  filament 
is  not  all  in  one  plane,  they  are  twisted  somewhat,  so  there  is  no 
part  of  the  glass  that  is  shielded  by  one  leg  from  molecules  pro- 
jected from  the  other.  But  if  the  two  legs  of  the  filament  are 
in  thfe  same  plane  it  will  make  a  shadow  always.  I  have  lamps 
here  which  snow  carbon  shadows  very  distinctly.  I  have  them 
both  large  and  small ;  but  I  think  the  large  ones  are  more  easily 
seen  than  the  small  ones.  That  lamp  [showing]  has  a  complete 
shadow  entirely  around  it;  a  complete  line  from  which  half 
the  blackening  is  shielded.  There  is  blackening  in  incandes- 
cent lamps  which  does  not  proceed  from  the  filament  in  rectilin- 
ear lines  and  which  is  not  caused  by  evaporation.  I  will  show 
a  lamp  which  has  very  plain  evidence  of  blackening  in  it,  in 
such  a  position  that  it  could  not  possibly  have  proceeded  in 
straight  lines  from  the  filament,  because  there  is  a  piece  of  glass 
inside  the  lamp,  the  underside  of  which  is  blackened,  where  it  is 
completely  shielded  from  the  carbon. 

Here  [snowing]  is  a  lamp  which  has  a  line  which  looks  like 
the  shadow  of  the  filament,  but  which  passes  around  the  lamp  in 
a  plane  perpendicular  to  the  plane  of  the  filament.  I  would  like 
to  have  some  one  account  for  it ;  I  am  eure  that  I  cannot. 

Here  [showing]  is  one  that  has  several  bands  running  around 
the  lamp  in  this  way.  I  would  be  very  glad  to  have  Prof.' 
Anthony  explain  the  blackening  of  this  lamp. 
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This  [showing]  is  an  incandescent  platinum  lamp — it  shows  a 
well  defined  shadow  caased  by  evaporation. 

Blackening  is  not  the  chief  cause  of  the  fall  of  candle  power 
in  lamps;  some  lamps  lose  their  candle  power  and  show  very 
little  blackening,  while  other  lamps  get  quite  black  and  lose  little 
candle  power :  115  volt  lamps  will  lose  their  candle  power  and 
blacken  very  little  indeed.  This  loss  is  due  to  changes  in  the 
structure  oi  the  filament,  or  in  its  surface,  which  reduce  the  can- 
dle power  considerably  with  very  little  blackening.  The  fila- 
ments of  low  volt  lamps  are  much  more  stable  than  the  filaments 
of  high  volt  lamps ;  low  volt  lamps  often  show  considerable 
blackening  with  very  little  loss  of  candle  power. 

The  effect  of  gases  in  lamps  is  well  known,  and  is  clearly 
stated  in  patents  of  Edison  and  Scribner.  Gases  have  not  been 
used  commercially  in  lamps,  because  the  results  of  experiments 


Fio.  1.    Vacuum  Lamps  (32  c.  p.  52  volts.)    Tested  at  Lynn. 

have  shown,  to  the  satisfaction  of  the  people  who  made  them, 
that  the  total  effect  of  a  gas  in  a  lamp  was  disadvantageous.  In 
the  exhaustion  of  lamps,  gases  are  very  often  left  in  the  bulb, 
and  the  amount  of  gas  in  the  bulb  has  a  very  great  effect  on  the 
candle  power  curve  of  the  lamp.  A  lamp  which  is  perfectly 
exhausted  should  give  a  candle  power  curve  which  is  a  straight 
line.  The  angle  between  this  line  and  the  datum  line  indicates 
the  quality  of  the  filament.  If  a  lamp  is  not  perfectly  exhausted 
this  will  not  be  a  straight  line.  The  effect  of  the  residual  gases 
in  the  lamp  is  to  change  the  character  of  the  candle  power  curve 
of  the  lamp.  The  vacuum  will  improve  as  the  lamp  is  burned. 
The  cooling  effect  of  the  gas  will  diminish  and  the  candle  power 
will  rise,  and  then  go  off  m  a  straight  line.  The  amount  of  this 
rise  of  candle  power  will  depend  on  the  amount  of  gas  in  the 
globe.     A  rise  of  30  per  cent,  in  candle  power  can  be  produced 
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in  this  way.  If  too  much  residual  gae  be  left  in  a  lamp,  the  op- 
posite effect  will  be  produced,  the  candle  power  will  fall  at  first, 
then  rise  a  little,  and  finally  start  off  in  a  straight  line.  These 
effects  are  produced  by  the  residual  gases  which  are  left  in  the 
lamp  in  its  normal  exhaustion,  not  bv  other  gases,  such  as  bro- 
mine. The  lamps  from  which  Professor  Anthony  makes  his 
tables  are  64-volt  lamps  of  26  and  28  candle  power.  Those  are 
the  very  best  type  of  lamps  which  can  be  made.  A  64:-volt 
lamp  is  as  good  a  lamp  as  can  be  made,  much  better  than  a  similar 
high  volt  lamp.  A  32  candle  power  or  a  28  candle  power  lamp  is 
better  than  a  lower  or  higher  candle  power  lamp.  In  manufactur- 
ing lamps  there  are  reasons  why  you  would  expect  better  results 
from  a  50-volt  32  candle  power  lamp  than  almost  any  other  kind 
of  lamps.  In  the  bromine  lamps  and  vacuum  lamps  which 
Professor  Anthony  compares  there  are  two  differences.   One  has 
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Fio.  3.    Novak  Lamps  (16  c.  p.  115  volts.)    Tested  at  8i  W.  per  candle. 

an  atmosphere  of  bromine,  and  the  other  is  a  vacuum  lamp. 
There  is  also  another  difference,  which  is  not  stated  in  the  paper, 
and  which  I  infer  from  the  knowledge  of  the  Waring  process, 
which  was  brought  out  in  the  late  litigation  between  the  Waring 
company  and  the  Edison  company.  This  difference  is  due  to 
the  fact  that  the  bromine  lamps  are  exhausted  without  current. 
The  occluded  gases  which  are  driven  oat  in  ordinary  conditions 
of  exhaustion  are  allowed  to  remain  in  those  lamps.  These  bro- 
mine lamps  are  exhausted  cold.  The  bromine  is  passed  through 
them  a  couple  of  times  and  then  they  are  sealed  off.  The  re- 
sidual gases  which  are  left  in  these  lamps  produce  the  variable 
effects!  have  referred  to,  so  that  in  the  comparison  between  the 
bromine  lamps  and  the  vacuum  lamps  as  he  made  it,  there  are 
two  differences  and  not  one.  We  have  two  experiments  carried 
on  at  the  same  time,  and  all  the  effects  credited  to  one  of  them. 
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Tliese  bromine  lamps  which  ProfeBsor  Anthony  tested  which 
ran  for  600  hourij  and  maintained  their  candle  power,  would 
have  been  excellent  lamps  if  they  had  not  broken  so  quickly. 
Their  breakage  is  very  normal.  But  the  vacuum  lamps  he  com- 
pares with  them  are  poor  lamps.  The  comparison  is  not  made 
between  the  best  vacuum  lamp  and  the  l>est  bromine  lamp 

I  have  a  curve  [Fig.  1]  showing  the  results  of  a  test  made  on 
good  vacuum  lamps  of  5ii  volts  and  32  candle  power.  The  his- 
tory of  these  lamps  is  as  follows :  When  the  consolidation  oc- 
curred between  the  Thomson- Houston  and  the  Edison  companies 
there  were  two  lamp  factories  in  operation,  one  at  Harrison  and 
one  at  Lynn.  In  order  to  compare  tlie  methods  in  use  at  the 
two  factories,  lamps  were  made  in  each  place  and  sent  to  the 
other  place  for  test.  The  Lynn  people  sent  us  lamps  and  we 
tested  them  in  comparison  with  our  lamps,  and  we  sent  them 
lamps  which  they  tested  in  comparison  with  their  lamps.     We 
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Fig.  3.    Novak  Lamps. 

made  several  kinds,  and  I  will  show  you  the  curve  of  the  50- volt 
32  candle  power  lamps.  The  tests  were  made  at  Lynn  by  people 
who  were  somewhat  opposed  to  us  and  who  would  not  favor  the 
lamps.  These  are  good  vacuum  lamps  of  60  volts  and  32  candle 
power  and  are  fit  to  compare  bromine  lamps  with.  They  tested 
18  lamps  which  were  run  for  1,000  hours  and  no  lamp  broke. 
The  candle  power  is  plotted  in  percentages  of  the  initial  candle 
power.  The  candle  power  at  the  end  of  100  hours  had  risen  15 
per  cent.,  and  at  the  end  of  1,000  hours  it  was  still  above  100  per 
cent.  No  lamp  there  had  fallen  as  low  as  it  originally  started, 
and  at  the  end  of  1,000  hours  no  lamp  had  broken.  This  is  a 
very  remarkable  result  and  could  not  nave  been  obtained  from 
high  volt  lamps.  These  lamps  are  good  lamps  of  50  volts  32 
candle  power  and  will  bear  comparison  with  the  lamps  which 
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Prof.  Anthony  shows  as  good  bromine  lamps.     But  the  vacuum 
lamps  he  tested  were  not  good  lamps. 

'Ine  efficiency  of  these  lamps  is  shown  on  these  lower  lines. 
They  are  practically  stiaight  lines.  They  started  at  3  watts  per 
candle  and  at  the  end  of  the  test  they  were  still  3  watts  per  can- 
dle. These  are  ideal  lamps,  according  to  Prof.  Anthony,  in  all 
bnt  one  respect — they  did  not  break.  But  why  does  the  author 
make  short  life  one  of  the  chaiacteristics  of  his  ideal  lamp  ? 

These  tests  which  Prof.  Anthony  quotes  would  not  satisfy  me 
if  I  were  having  tests  made  in  a  factory.  He  took  lamps  which 
varied  three  or  four  per  cent,  in  voltage  and  tested  them  at  an 
average  voltage.  In  making  lamp  tests  every  lamp  should  be 
'Set  up  at  its  own  proper  voltage.  There  should  be  no  averaging 
of  voltages ;  some  of  those  lamps  were  burned  at  a  higher  pres- 
sure than  their  normal  rating  and  some  at  a  lower  pressure. 
You  will  find  that  those  burned  at  the  higher  voltage  than  their 
rating  broke,  and  those  burned  at  a  lower  voltage  lasted,  and  of 
the  lamps  which  at  the  end  were  ^29  candle  power  there  was  one 
rated  originally  55.8  volts  which  was  burned  at  54.15  volts. 
That  lamp  was  not  burned  at  29  candles  at  all;  it  was  burned  at 
23.  When  they  tested  for  candle  power  they  raised  this  lamp 
to  29  candles.  I  would  not  be  satisfied  with  that  kind  of  testing. 
I  admire  one  thing  about  this  test.  The  pressure  was  held  con- 
stant to  1-IOOof  a  volt  which  is  extremely  accurate  work,  and 
not  in  keeping  with  the  rest  of  the  work  done. 

I  have  been  speaking  of  115- volt  lamps  and  55-volt  lamps.  I 
have  made  tests  of  a  great  many  Nov^k  lamps.  During  the  late 
unpleasantness  between  the  Waring  Electric  Company  and  the 
General  Klectric  Company  we  bought  a  great  many  lamps  direct- 
ly from  the  factory  of  the  Waring  Electric  Company.  1  had 
them  tested  in  the  factory  under  my  supervision,  but  J  did  not 
test  any  50- volt  lamps.  We  generally  test  11 5- volt  lamps  or 
thereabouts ;  it  is  the  most  usual  type  of  lamp  sold.  It  isalso  a  hard 
lamp  to  make.  I  have  brought  with  me  results  of  some  tests  on 
Novak  115-volt  lamps  and  you  will  find  they  are  very  diflrerent 
from  curves  on  50-volt  lamps. 

There  \¥\g.  2]  are  curves  of  19  Novak  lamps  of  16  candle 
power  115  volts.  They  were  tested  at  3i  watts  per  candle.  The 
candle  power  I  represent  here  in  percentages.  They  start  at  a 
candle  power  which  is  designated  by  lOo  per  cent ;  they  do  not  hold 
constant  at  all.  They  drop  right  down.  They  also  break  very 
rapidly.  The  breakage  is  marked  on  the  curves.  At  500  hours 
they  were  half  gone.  It  took  those  lamps  just  250  hours  to  arrive 
at  the  candle  power  at  which  Prof.  Anthony  to-night  describes 
lamps  as  practically  dead.  Referring  to  his  vacuum  lamps,  he 
states  that  at  the  end  of  400  hours  they  are  practically  dead.  At 
that  time  they  had  reached  80  per  cent,  of  their  original  candle  pow- 
er. These  lamps  reached  that  point  at  250  hours  and  they  are  bro- 
mine lamps.     I  do  not  consider  them  dead,  however.     1  do   not 
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agree  witli  him  at  all  that  a  lamp  which  has  lost  20  per  cent  is  dead. 
I  think  he  is  entirely  wrone  in  saying  that  a  25  candle  power  lamp 
which  has  fallen  to  20  candle  power  is  practically  dead. 

In  tests  which  I  have  made  on  bromine  lamps  I  found  quite  a 
variation  in  the  early  part  of  the  curves.  I  mean  the  curves 
which  I  sketched  on  tne  blackboard  as  the  curves  due  to  residual 
gases.  It  is  natural  to  expect  a  variation  in  that  curve  because 
the  residual  gas  is  left  in  it  and  in  combination  with  other  gases 
it  causes  rather  erratic  movements.  Figure  3  shows  the  per- 
formances of  two  individual  lamps.  These  lamps  belong  to  a  lot 
which  I  set  up  for  test  which  when  averaged  up  made  an  average 
uniform  curve.  The  two  lamps  started  together.  Their  candle 
power  is  represented  by  100  per  cent.  At  the  end  of  35  hours  one 
lamp  had  gained'28  per  cent,  in  candle  power  and  the  other  lamp 
had  lost  2^  per  cent.  At  the  end  of  35  hours  two  lamps  which 
started  together  diflEered  48  per  cent,  in  candle  power.  The 
lamp  which  rose  38  per  cent,  then  fell  off,  and  the  lamp  which 
fell  20  per  cent,  rose  again,  according  to  the  theory  which  I  have 
expounded. 

Bromine  gas  in  a  lamp  undoubtedly  is  an  advantage  in  pre- 
venting bladf  ening.  In  the  lamps  that  I  tested  there  was  very 
little  blackening.  But  I  do  not  agree  at  all  with  Prof.  Anthony 
that  it  also  prevents  the  wasting  away,  or  change  in  resistance  of 
the  carbon.  At  least  it  does  not  on  115-volt  lamps.  These 
115-volt  Novak  lamps  increase  in  resistance  very  materially — 
they  increase  in  resistance  more  rapidly  than  good  vacuum  lamps. 
I  do  not  know  of  any  other  advantage  which  a  bromine  gas  or 
any  other  gas  has  in  a  lamp,  except  preventing  blackening.  It 
does  not  prevent  the  fall  in  candle  power.  It  does,  however, 
have  some  disadvantages.  A  gas  in  a  lamp  conducts  heat,  and 
you  have  got  to  run  the  lamp  at  a  higher  candle  power  in  order 
to  get  its  original  eflSciency.  That  necessarily  shortens  the  life 
of  the  lamp,  as  is  abundantly  shown  by  the  experience  of  the 
lamp  up  to  date.  It  does  not  prevent  the  disintegration  of  the 
filament.  The  resistance  increases  very  materiallv,  and  the  candle 
power  drops  fully  as  rapidly  as  it  does  in  a  good  vacuum  lamp. 
It  is  my  opinion,  and  I  believe  that  all  the  facts  which  are  known 
and  which  are  before  the  public  to-day  in  regard  to  the  bromine 
lamp  confirm  that  opinion.  Indeed,  1  state  it  as  a  fact  that  the 
weight  of  evidence  is  in  favor  of  the  conclusion  that  the  disad- 
vantages of  the  bromine  vapor  are  greater  than  its  advantages. 

I  am  sorry  that  the  author  came  nere  with  such  meager  data. 
I  think  he  should  have  come  here  better  prepared.  He  should 
have  had  curves  which  he  made  himself,  not  on  a  few  lamps,  but 
on  a  good  many  lamps  of  a  good  many  varieties,  and  especially 
he  should  have  presented  tests  on  115-volt  lamps,  because  those 
lamps  are  far  more  generally  used  than  others.  It  is  the  t^st  of 
the  lamp-maker's  skill  to  make  a  good  115-volt  16  candle  power 
lamp.    If  any  man  comes  to  me  and  says  "  I  can  make  an  im- 
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provement  in  lamps,''  I  would  say,  "  Make  me  lamps  of  115  volts 
and  16  candle  power."  If  any  process,  bromine  or  other,  can 
produce  115- volt  16  candle  power  lamps  which  will  show  a  good 
candle  power  curve,  I  will  be  the  first  man  in  the  room  to 
acknowledge  the  great  advantage  in  the  process. 

Mr.  Hahmek  : — I  wish  to  make  just  a  remark  upon  one  point 
which  Mr.  Howell  and  Professor  Elihu  Thompson  have  already 
dwelt  on.  Sometime  ago  I  made  an  examination  of  over  600 
lamps,  which  had  been  made  at  various  periods  during  the  last 
13  or  14  years.  I  have  here  a  list  of  12  of  the  different  makers' 
lamps,  representing  50  in  all.  Every  one  of  these  shows  the 
"  phantom  shadow."  I  think  it  is  unquestionably  a  fact  that 
every  lamp  in  which  there  is  this  blackening  will  show  a  phan- 
tom shadow,  provided  the  carbons  are  in  alignment,  notwith- 
standing the  statement  in  the  paper.  I  have  here  a  number  of 
photographs  of  some  of  these  "phantom  shadows."  Some  of 
these  photographs  have  been  made  of  lamps  in  which  the 
"  phantom  snadow  "  is  scarcely  visible  to  the  naked  eye,  but 
photography  has  brought  it  out  distinctly. 

There  is  another  matter  I  am  requested  to  mention  that  has  no 
connection  with  this  subject,  but  it  is  a  very  important  one.  To- 
night there  is  a  meeting  of  western  members  being  held  in  the 
city  of  Chicago,  the  first  which  has  been  organized  under  the 
plan  adopted  in  November.  The  meeting  has  probably  just 
been  called  to  order.  The  paper  which  has  been  presented  here  to- 
night is  being  read  and  discussed  there.  Through  the  courtesy  of 
the  American  Telephone  and  Telegraph  Company,  the  Metropol- 
itan Telephone  and  Telegraph  Company,  and  the  Chicago  Tele- 
phone Conapany,  the  long  distance  telephone  line  between  New 
York  and  Chicago,  a  thousand  miles  in  length,  has  been  placed 
at  the  disposal  of  the  American  Instiiu ie  of  Electrical  En- 
gineers, tnus  bringing  the  two  meetings,  although  a  thousand 
miles  apart,  into  close  communion. 

The  President  is  requested  to  step  to  the  telephone  and  shake 
hands,  metaphorically  speaking,  with  the  Cnicago  members. 
It  is  only  fair  in  this  connection  to  remember  also  that  the  Met- 
ropolitan Telephone  and  Telegraph  Company,  has  for  some  time 
past,  placed  at  the  disposal  of  the  American  Institute  of  Elec- 
trical Engineers  a  telephone  exchange  connection  without 
charge.  This  is  spoken  of  as  I  think  it  is  a  courtesy  that  the 
members  should  be  aware  of.  Many  of  them  do  not  know  that 
thev  can  avail  themselves  of  it  in  calling  up  the  Secretary. 

X)r.  Hutchinson  : — I  move  that  the  President  be  requested  to 
extend  the  congratulations  of  this  meeting  to  the  Chicago  meet- 
ing.    [The  motion  was  carried.] 

The  President  : — Is  it  your  wish  that  I  should  call  a  Vice- 
President  or  some  one  to  the  chair  so  that  the  discussion  should 
?o  on  while  I  extend  the  congratulations  of  New  York  to 
Chicago  ? 
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Mr.  Hammer  : — I  think  that  is  an  excellent  suggestion. 

The  President: — Will  Mr.  Kennelly  take  tne  chair  for  a 
moment? 

[Vice-President  Kennelly  took  the  chair.] 

Mr.  S.  E.  Doank: — At  the  time  of  the  consolidation  of  the 
Thomson  and  Edison  interests,  Mr.  Howell  and  I  were  very 
much  gratitied  to  find  that  we  so  well  agreed  in  our  deductions 
from  tests  made  independently.  My  part  of  the  discussion  to- 
night will  be  to  confirm,  with  all  the  weight  that  my  confirma- 
tion can  give,  what  Mr.  Howell  has  said.  We  made  these  52- 
volt  32  candle  power  curves.  I  brought  them  to  Harrison  from 
Lynn  a  few  months  ago.  All  makes  of  52-volt  32  candle  power 
lamps  do  not  behave  like  these.  The  lamps  were  excellent  lamps. 
Previous  to  the  appearance  of  Novak  lamps,  the  Thomson-Hous- 
ton company  tested  independently  for  their  own  information, 
various  gases  in  the  bulbs  of  incandescent  lamps.  Chlorine,  I 
think,  was  the  heaviest  gas  we  used.  These  lamps  behaved  very 
much  like  ordinary  lamps  exhausted  to  various  degrees.  The 
candle  powers  rose,  as  Mr.  Howell  has  shown,  and  then  fell 
again.  In  other  words,  the  effect  was  exactly  as  if  in  making 
initial  measurements  you  had  placed  a  resistance  in  series  with 
the  lamp,  and  had  measured  the  voltage  around  both  lamp  and 
resistance,  taking  other  measui'ements,  candle  power,  etc.,  as  if 
the  resistance  was  not  there,  and  then  had  made  your  future 
measurements,  and  had  run  your  lamps  with  the  resistance  re- 
moved. 

The  candle  power  of  the  lamp  ought  not  to  rise  extremely 
and  it  ought  not  to  fall  extremely.  The  ideal  lamp,  as  Professor 
Anthony  has  told  us  to-night,  is  a  lamp  in  which  the  candle 
power  is  maintained  practically  constant.  If  the  candle  power 
be  allowed  to  rise,  it  should  not  get  beyond  the  point  at  which 
the  carbon  is  stable.  In  the  case  of  the  52-volt  32  candle  power 
lamps,  in  this  test  it  did  not.  With  this  in  mind  there  may  be 
no  objection  to  allowing  a  vacuum  slightly  inferior  to  that  which 
it  is  possible  to  obtain. 

Concerning  the  blackening  of  incandescent  lamps,  it  has  long 
been  a  theory  of  the  Thomson-Houston  factory,  and  I  think  of 
most  manufacturers,  that  this  is  due  entirely  to  evaporation. 
Not  knowing  Prof.  Thomson  was  going  to  discuss  this  paper  I 
brought  down  an  abstract  from  the  article  he  refers  to,  in  which 
he  says : — "  The  writer  has  long  been  convinced  that  in  a  well 
^'exhausted  lam  pit  is  due  almost  entirely  to  evaporation  by  high 
*'  temperature.  Jiist  as  ice  near  its  melting  point  and  even  far  be- 
*'  low  that,  evaporates  in  vacua  and  even  in  dry  air,  so  carbon, 
*'  practically  fixed  at  low  temperatures,  acquires  in  vacua  a  certain 
*'  volatility  at  an  increasing  rate  with  the  temperature  " 

Concerning  the  blackening  of  the  lamp,  as  being  the  distillation 
of  carbon,  it  is  of  course  known  that  with  filaments  partially  car- 
bonized, the  lamp  bulb  will  blacken  because  of  gas  thrown  off  by 
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completing  the  carbonization.  But  it  is  a  fact,  appreciated  I 
thinK  by  lamp  manufactnrere,  that  the  deposit  made  by  hydro  car- 
bon has  practically^  constant  physical  characteristics.  Its  specific 
resistance  is  practically  a  constant,  and  this  being  true,  demon- 
strates that  there  is  a  chance  for  improvement  on  the  distillation 
theory.  The  theory  concerning  the  volatility  of  carbon  seems 
about  the  only  theory  at  present  that  satisfactorily  accounts  for 
the  blackening  of  incandescent  lamps. 

This  morning  in  looking  over  a  lot  of  Novak  lam|  s  that  had 
not  been  opened  from  the  original  package  from  the  time  they 
left  the  Novak  factory,  we  selected  and  lighted  a  number  of  lamps 
and  I  give  you  as  an  indicative  sign  of  those  tested,  the  result  on 
one  only.  It  was  a  110- volt  1 6  o.  p.  lamp  and  was  run  on  a  forced 
test,  at  140  volts  which  was  about  equivalent  in  per  cent,  increase 
in  voltage  to  the  65-volt  tests  shown  by  Prof.  Anthony  this  evening. 
At  the  start  this  lamp  took  .757  amperes.  After  running  live  min- 
utes it  increased  to  .799.  The  candle  power  increased  in  this  time 
from  59  to  71.  This  was  a  forced  test.  The  cause  of  this  was  not 
the  change  in  the  resii^tance  of  the  filament.  It  was  not  due  to  a 
depositing  action,  for  the  resistance  increased  a  little.  The  change 
was  simply  due  to  the  improvement  in  the  vacuum  which  we 
noticed  from  time  to  time  by  tests  on  an  induction  coil. 

Had  we  continued  this  test,  we  would  have  found  that  after  a 
while  this  Iftmp  fell  in  candles  and  it  would,  had  it  lasted  long 
enough,  have  again  reached  its  tiist  candle  power.  Had  we 
made  only  the  hrst  and  last  measurements,  we  could  have  said 
the  candle  power  had  been  maintained  constant  throughout  the 
run,  while  really  it  had  fallen  at  least  17  per  cent.  It  was  the 
same  in  effect  as  if  we  had  treated  a  71  c.  p.  lamp  as  I  instanced, 
that  is,  as  if  we  had  made  the  initial  test  with  a  resistance  in- 
cluded in  the  wires.  Of  all  lamps  in  which  the  candles  rise  at  first, 
the  rise  occurs  so  soon  that  forcomparison  with  others  they  may  be 
considered  to  have  started  at  the  candle  power  and  time  when  the 
candle  power  attains  its  maximum  It  is  highly  important,  there- 
fore  that  we  should  have  frequent  measurements  during  the  early 
life  of  a  lamp  that  we  may  be  able  to  interpret  properly  the  ob- 
served facts  of  its  later  existence. 

The  figures  shown  us  by  Prof.  Anthony  are  open  to  serious 
criticism  for  this  reason,  as  well  as  for  otlier  reasons  mentioned. 
We  do  not  know,  according  to  the  above,  the  candle  power  these 
lamps  really  were.  The  results  shown,  are  average  results  of 
quite  different  lamps  and  the  maxima  candles  probably  varied 
even  more  than  the  initials,  which  still  further  qualifies  the  fig- 
ures presented. 

Mr.  Theo.  J.  W.  Olan  : — I  should  like  to  call  your  attention 
to  some  facts,  one  of  which  is  that  dioxid  of  carbon  in  connec- 
tion with  carbon  at  white  heat  will  take  up  one  equivalent  of 
carbon  and  be  transformed  into  monoxid  of  carbon.  Another 
fact  is  that  if  we  lead  oxide  of  carbon  through  a  tube  that  is 
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heated  to  a  yellowish  white,  there  will  appear  ae  a  result  in  a 
portion  of  the  tube  a  carbon  deposit  and  dioxid  carbon  mi^ed 
with  carbon  dust  will  pass  out  of  the  tube.  I  see  that  this  can 
account  very  reasonably  for  this  phenomenon  of  the  blackening 
of  the  globe,  just  as  well  as  all  the  other  theories  that  have  been 
advanced  to-night.  If  we  suppose  that  we  have  at  the  beginning 
pure  oxygen  together  with  carbon  in  the  globe,  dioxid  of  car- 
Don  would  first  be  formed.  This  dioxid  of  carbon  would,  how- 
ever, in  its  turn,  combine  with  more  carbon,  and  the  result 
would  be  monoxid  of  carbon  alone.  But  at  a  limited  distance 
from  the  filament  we  have  that  heat  which  may  be  said  to  corres- 
pond to  the  yellowish  white  hot  tube.  At  that  temperature  this 
monoxid  of  carbon  would  be  transformed  into  carbon  and  diox- 
id of  carbon.  That  carbon  deposits  on  the  globe  and  the  diox- 
id of  carbon  attacks  the  filament  again.  I  do  not  think  we  can 
accept  such  a  theory  as  that  the  carbon  filament  should  consist  of 
hydrocarbons  which  was  said  in  the  revelation  we  heard  to-night, 
simply  because  that  seems  to  stand  in  opposition  to  all  previous 
experience.  I  have  made  many  tests  myself,  and  I  have  read  the 
results  of  other  experiments  also,  and  from  those  I  conclude  that 
it  is  not  at  all  diflScult  to  completely  decompose  by  heat  a  heavy 
hydrocarbon.  If  we  exclude  the  air  we  will  have  as  a  last  result 
from  such  decomposition  a  substance  that  can  be  called  pure  car- 
bon. One  cannot  at  least  discover  any  lessening  in*  weight  by 
heating  it  more  and  more.  That  tends  to  prove  that  it  cannot 
very  well  be  a  series  of  hydrocarbon  that  remains  in  the  filament 
when  the  lamp  is  ready.  But  in  accordance  with  what  I  have 
before  mentioned  we  can  easily  account  for  several  of  the  other 
phenomena  that  have  been  spoken  of  here  to-night.  We  heard, 
for  instance,  that  where  a  bulb  is  filled  with  bromine  gas,  there 
will  be  no  blackening  of  the  glass.  Why  ?  Because  bromine  is 
one  of  those  few  elements  that  will  not  directly  combine  with 
carbon  at  any  heat  or  as  far  as  known  under  any  circumstances. 
Should  it  not  therefore  be  possible  to  conclude  just  from  this, 
that  the  chemical  action  has  something  more  to  do  with  the 
blackening  of  the  globe  than  has  been  suggested  to-night?  I 
think  so.  I  will  not  say  that  the  other  suggestions  cannot  have 
any  bearing  on  the  matter.  Still  I  think  that  the  chemical  reac- 
tion is  to  be  considered  in  the  first  place.  Now,  it  is  a  fact,  that 
in  the  lamps  we  have  generally  oxygen,  also  nitrogen;  we  have 
finally  a  little  hydrogen  originating  from  moisture.  I  would  not 
say  it  is  a  fact  known  by  everybody,  but  at  least  it  is  stated  in 
the  handbook  of  chemistry  written  by  authorities,  that  nitrogen 
at  a  very  high  temperature  will  combine  with  carbon  just  as  well 
as  oxygen  and  we  nave  therefore  in  that  fact  another  possible 
cause^^ior  the  blackening  of  the  globes  as  a  result  of  chemical  re- 
action. Even  hydrogen,  under  influence  of  the  electric  current, 
can  with  carbon  directly  form  a  hydrocarbon.  I  think  that  it  is 
too  early  to  make  a  conclusion  witn  reference  to  any  one  of  these 
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many  suggestions  we  have  had,  until  we  have  paid  thorough  at* 
tention  to  them  all,  and  I  cannot  find  that  in  the  theories  ad- 
vanced to-night  by  various  gentlemen  there  was  anything  at  all 
conclusive. 

Mr.  E.  a.  Colby  : — Mr.  Howell  in  his  remarks  a  few  moments 
ago,  said  that  he  thought  there  was  no  question  but  that  bromine 
gas  reduced  the  blackening  or  deposition  of  carbon  upon  the 
bulb,  but  that  he  knew  of  no  other  use  that  could  be  made  of 
this  gas.  I  found  some  eleven  years  ago  when  making  lamps 
of  125  candle  power — which  were  lamps  of  relatively  liigh  po- 
tential— 125  volts,  that  there  were  senous  troubles,  in  the  con- 
struction of  such  lamps  due  to  short-circuiting,  and  the  only  way 
in  which  we  could  overcome  that  difficulty  was  either  to  not  ex- 
haust the  lamp  to  the  same  extent  that  we  ordinarily  did  a  low 
candle  power  lamp,  or  else  having  exhausted  the  air,  to  leave 
within  the  lamp  bulb  some  inert  gas.  This  was  in  Mr.  Weston's 
laboratory  in  i^'ewark,  New  Jersey.  We  tried  at  that  time  a 
great  many  different  gases,  amongst  others,  bromine  and  several 
of  the  chlorine  compounds.  We  finally  concluded,  as  a  result 
of  a  long  series  of  experiments,  that  the  most  suitable  vapor  to 
use  in  this  connection  was  that  of  chloroform.  Chloroform  be- 
ing somewhat  rich  in  carbon,  would,  of  course,  upon  entering 
the  bulb  (the  filament  being  at  the  temperature  of  incandescence) 
be  decomposed,  and  carbon  would  be  deposited  on  the  filament, 
whilst  the  nascent  chlorine  would  combine  with  any  mercurial 
vapor  which  might  be  present  in  the  bulb.  As  a  matter  of  fact 
we  obtained  within  the  bulb  quite  a  heavy  deposit,  white  in  color, 
and  resembling  in  all  its  physical  characteristics,  mercuric  chlo- 
ride.  This  deposit  was  so  heavy  that  the  filament  itself 
was  at  times  concealed  from  view  very  much  as  it  is  in  an  opales- 
cent globe.  To  remove  this  deposit  we  applied  a  Bunsen  burner 
in  the  ordinary  way,  and  immeaiately  the  deposit  was  vaporized 
and  the  bulb  was  *left  clear  But  the  important  point  in  this 
connection  was  this,  that  the  difficulties  wnich  we  had  experi- 
enced previous  to  this  treatment,  viz.,  short-circuiting,  had  en- 
tirely disappeared,  and  whatever  blackening  we  had  been  troubled 
with  was  diminished.  It  was  a  matter  of  some  experiment  to 
determine  what  proportion  of  vapor  it  was  expedient  to  leave 
within  the  bulb,  and  one  simple  method  which  1  adopted  at  that 
time  suggested  certain  lines  of  research  which  I  have  been  un- 
able to  follow,  and  which  I  would  like  to  mention  here  in  the 
hope  that  some  of  you  who  are  still  in  the  incandescent  lamp 
field  can  take  it  up.  I  had  felt  certain  that  there  were  two 
causes,  as  we  all  know,  for  the  diminution  in  the  candle  power 
of  the  lamp.  The  first  was  the  vaporization  of  the  carbon,  and 
its  subsequent  deposition  upon  the  bulb  reducing  the  transpar- 
ency of  the  same,  and  the  second  was  the  change  in  the  condi- 
tion of  the  carbon  filament  itself.  The  vaporization,  of  course, 
is  a  function  of  the  temperature  to  which  the  filament  is  sub- 
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jected,  and  is  to  a  very  much  less  extent  dependent  upon  the 
diflEerence  of  potential  between  the  terminals.  However,  work- 
ing at  higher  potentials  this  difficulty  increases.  The  other  de- 
fect was  due,  as  I  said  a  moment  ago,  to  the  change  in  the  struc- 
ture of  the  carbon  itself.  Apparently  a  deposit  of  carbon  was 
formed  upon  one  leg  of  the  filament,  whicn  carbon  was  sepa- 
rated from  the  opposite  leg.  I  was  interested  in  ascertaining 
whether  1  could  prevent  this  deposit,  and  so  maintain  the  normal 
appearance  of  the  filament  by  the  interposition  of  a  shield  be- 
tween the  two  legs  of  the  carbon.  I  supported  a  glass  plate 
between  the  two  legs  of  the  carbon  filament,  and  suspended  the 
lamp  vertically,  the  looji  hanging  down,  and  noted  the  deposition 


Fig.  4.— Mr.  Colby's  Experiment. 

of  carbon  upon  this  shield  between  the  two  legs  of  the  filament. 
This,  of  course,  would  be  expected.  But  a  curious  feature 
of  it  was  this,  that  the  deposit  was  principally  on  one  side, 
and  that  the  depth  of  deposit  over  this  glass  shield  increased 
from  the  top  of  the  shield  down  towards  the  bottom,  that  is, 
the  loop  of  the  lamp  being  in  this  form  (a  Fig.  4)  and  the  shield 
being  down  here  {b  g\  the  depth  of  the  deposit  was  heaviest  at 
the  bottom  instead  of  heaviest  at  the  top  wnere  the  greatest  dif- 
ference of  potential  existed.  Fig.  4  represents  the  general  out- 
line of  the  lamp.  It  was  known  at  that  time  as  the  Mogul  lamp. 
A  number  of  them  were  placed  in  the  Equitable  Building,  120 
Broadway,  in  1883  and  1884,  and  attracted  considerable  atten- 
tion at  that  time  on  account  of  the  large  candle  power  of  the 
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lamps.  They  were  made  up  to  600  candle  power.  The  diffi- 
culty we  had  in  the  first  construction  of  these  lamps,  was  due  to 
a  discharge  directly  across  from  stub  to  stub.  I  then  put  here  a 
glass  plate  {b  c\  which  was  supported  on  a  neutral  wire  at  that 
point,  to  increase  the  distance  between  the  terminals  and  prevent 
any  direct  path  between  the  two.  The  deposit  that  was  formed 
upon  that  plate  I  will  illustrate  by  a  line  like  that  {J>  d  Fig.  4,) 
showing  increase  in  thickness  at  the  lower  edge  of  the  glass 
plate.  Both  legs  of  this  filament  under  these  conditions  with 
the  interposed  shield,  remained  perfectly  clear  and  as  brilliant  as 
they  were  in  the  original  lamp,  although  with  increase  of  tem- 
perature the  deposit  of  carbon  on  the  bulb  was  materially  in- 
creased. I  then  sealed  into  another  bulb,  omitting  the  glass 
shield,  a  series  of  platinum  wires  going  all  around  it,  in  the  plane 
of  the  enclosed  carbon,  just  little  hooks,  the  wires  passiuff 
through  the  bulb.  I  connected  a  telephone  to  the  terminal 
which  we  will  say  was  the  positive  pole  and  to  loop  No.  1,  and 
with  the  lamp  working  at  its  normal  candle  power,  after  I  had 
obtained  a  certain  degree  of  exhaustion,  I  succeeded  in  getting  a 
musical  note  in  the  telephone.  By  then  transferring  the  conduc- 
tor to  loop  No.  2,  I  got  a  note  of  a  slightly  higher  pitch,  and 
upon  transferring  the  connection  to  each  succeeding  loop  the 
pitch  of  the  note  correspondingly  increased  until  I  reacted  a 
point  which  was  nearly  diagor^atly  opposite  the  stub  +  or  in  the 
line  -|-  6,  which  would  be  the  diagonal  of  the  area  enclosed  by 
the  loop,  when  I  got  the  maximum  note  from  the  telephone. 

As  I  passed  alone  up  here  (7-10)  the  note  diminished  in  pitch 
until  I  got  up  here  (10)  when  it  was  inaudible  entirel v.  By  con- 
necting the  telepl)one  to  the  negative  terminal  and  the  sealed-in 
wires,  I  got  no  sound  whatever.  It  was  always  a  mystery  to  me 
and  it  is  not  yet  solved,  for  the  reason  that  I  have  been  out  of 
the  incandescent  lamp  business  for  several  years,  and  I  would 
like  to  know  whether  any  one  else  can  explain  the  matter.  As 
I  understood  Prof.  Anthony  in  his  paper  to-night,  he  stated  that 
the  action  which  produced  the  blackening  was  not  purely  elec- 
trical, but  was  in  all  probability  simply  the  volatilization  of  the 
carbon  alone  at  high  temperatures.  If  a  telephone  was  inserted 
between  any  two  of  these  loops,  1  got  no  musical  note  whatever, 
indicating  that  there  was  no  electrical  action  between  those  two 
points — no  difference  of  potential  sufficient  to  give  a  telephonic 
current.  A  peculiar  feature  about  this  experiment  was  this:  that 
the  lamp  was  on  a  direct  current  circuit,  and  the  pulsation  which 
would  give  that  musical  note  must  have  been  in  all  probability 
due  to  mequalities  in  the  current  of  the  dynamo.  I  used  this 
dummy  lamp  as  a  means  of  indicating  when  I  had  secured  the  prop- 
er degree  of  rarefaction  in  the  other  lamps  from  the  same  pump. 
That  is,  this  lamp  was  attached  to  the  same  fork  by  which  other 
lamps  were  being  exhausted,  and  the  exhaustion  was  continued 
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until  I  got  a  sHeht  note  in  the  telephone  when  1  dibcontinued  the 
exhaustion.  These  lamps,  as  they  went  out,  had  a  residual  at- 
mosphere of  chlorine  gas,  and  possibly  some  little  undecomposed 
chloroform  which  was  Subsequently  decomposed  in  use.  I  made 
another  preliminary  experiment  with  a  different  construction 
which  was  known  as  the  U  tube  lanip.  I  believe  it  was  subse- 
quently patented  by  Mr.  Stanley,  in  it  I  had  a  U  loop  of  the 
same  snape  as  shown  in  Fiff.  4.*  The  object  of  this  construction 
was  to  protect  each  leg  of  the  carbon  filament  from  any  direct 
electric  action  across  from  the  other  leg.  This  lamp  was  raised 
to  a  very  high  temperature  without  the  filament  changing  its  ap- 
pearance, although  the  blackening  of  the  bulb  was  very  pro- 
nounced. I  am  very  glad  that  Mr.  Howell  has  brought  some 
samples  of  lamps  here  to-night  showing  the  shadow  cast  by  the 
carbon  filament.  I  think  any  one  who  has  had  very  much  prac- 
tical experience  in  the  manul^acture  of  lamps  will  be  surprised  to 
learn  that  carbon  does  not  cast  a  shadow  at  all.  It  certainly 
was  a  very  common  thing  in  my  experience  to  see  lamps 
exhibiting  this  charactistic.  I  have  succeeded  in  obtaining  it 
with  various  lamps,  and  with  platinum,  iron  and  copper  filaments, 
and  I  know  no  reason  why,  if  the  conditions  are  made  proper, 
it  may  not  be  produced  with  all  lamps.  Of  course  if  the  carbon 
is  raised  to  a  comparatively  low  temperature,  and  not  subjected 
to  sudden  changes,  the  volatilization  will  be  very  uniform  and  the 
shadow  of  the  filaments  will  hardly  be  perceptible.  Whereas  if 
there  are  irregular  or  weak  points  in  the  filament  or  it  is  subject- 
ed to  sudden  changes  in  potential,  then  the  shadows  become 
quite  marked. 

Dr.  L.  K.  BoH^: — Volatilization  is  due  to  the  mechanical 
action  of  the  current.  The  theory  advanced  by  the  gentleman 
who  spoke  before  me,  was,  to  my  knowledge,  put  forward  first 
by  Professor  Crookes,  of  London,  about  1880,  in  Nature,  He 
explained  that  volatilization  is  due  to  that  trace  of  oxygen  still 
contained  in  that  trace  of  air  which  cannot  be  removed  by  ex- 
haustion. This  trace  of  oxygen  is  said  to  combine  with  a  particle 
of  carbon,  forming  carbon  dioxid.  The  carbon  dioxid  is  said  to 
be  decomposed  on  the  inside  glass  walls,  leaving  the  carbon  on 
the  inside  surface  of  the  glass;  then  the  oxygen  is  said  to  return 
to  act  on  a  new  particle  of  carbon,  etc.  This  is  certainly  impos- 
sible, because  there  is  no  chemical  power  on  the  glass  walls  to 
decompose  a  chemical  combination,  and  further,  in  the  presence 
of  such  a  great  excess  of  carbon  it  is  impossible  to  form  carbon 
dioxid  ;  only  the  carbon  monoxid  can  be  formed. 

I  accept  the  theory  that  chemical  action  takes  place  within  the 
lamp  chamber,  and  that  some  carbon  monoxid  is  formed,  but  this 
gas  will  remain  in  the  globe  just  as  the  rest  of  the  residual  gases 
remain  there. 

I  further  wish  to  say  something  about  fusing  carbon.  That 
carbon  can  be  fused  to  a  certain  extent,  everyone  of  you  has 
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seen,  and  I  am  surprised  that  this  has  not  been  mentioned  here 
to-night.  I  refer  to  the  treating  of  carbon  filaments.  In  treat- 
ing the  filament,  the  hydro-carbon  in  the  treating  apparatus  is  de- 
composed by  the  electric  current,  and  we  have  then  what  the 
chemists  term  carbon  in  statu  nascendi  that  is,  the  moment 
in  which  it  is  set  at  liberty,  in  which  it  is  born  ;  and  in  this 
moment  it  is  more  readily  capable  of  entering  into  combination 
with  any  substance  it  combines  with,  or  with  other  carbon  atoms, 
forming  with  them  carbon  molecules.  So  we  have  there,  practi- 
cally speaking,  atomistic  carbon,  while  otherwise,  what  we  gener- 
ally see  before  us  is  molecular  carbon.  Of  how  many  atoms  the 
carbon  molecule  consists  is  not  known.  Some  speculative  scien- 
tists suppose,  and  I  suppose  with  them,  that  the  number  of  carbon 
atoms  in  the  molecule  produce  the  different  forms  of  carbon  with 
reference  to  their  physical  condition,  that  is  amorphous  carbon, 
^phite  and  diamond.  If,  while  treating  a  filament  this  atom- 
istic carbon  set  at  liberty  from  the  decomposing  hydro-carbon, 
combines  with  other  atoms  to  form  a  molecule,  it  settles  on  the 
surface  of  the  filament  in  that  half  fused  condition  referred  to 
above.  The  steel-like  appearance  of  a  well  treated  filament  is 
nothing  more  than  a  coating  of  fused  carbon  on  a  porous  fila- 
ment. 

Regarding  pure  carbon,  I  might  just  state  that  this  deposit  of 
carbon  on  the  porous  filament,  that  is,  the  steel-like  looking  car- 
bon is  really  pure  carbon,  the  purest  that  can  be  produced. 

With  reference  to  the  bromine  lamp  a  great  many  experiments 
have  been  described  to-nijrht,  but  I  want  to  ventilate  for  a 
moment  the  theory  of  that  lamp.  It  is  not  disputed  by  anyone 
that  the  bromine  lamps  do  not  blacken,  but  how  is  it  that  these 
lamps  remain  practically  clear  while  carbon  lamps  do  blacken  ? 
In  one  of  Professor  Anthony's  tables,  it  is  stated  that  a 
bromine  lamp  lost  in  one  instance  3.1  candles.  That  means,  as 
Mr.  Howell  explained,  that  the  resistance  of  the  filament  in- 
creases in  a  bromine  atmosphere  as  well  as  in  a  vacuum  lamp. 
How  do  we  account  for  that  now  ?  Where  does  that  carbon  go 
to  which  is  missing  ?  I  do  not  believe  that  a  mere  molecular 
change  in  the  structure  of  the  filament  causes  the  higher  resis- 
tance. I  believe  that  volatilization  of  the  filament  takes  place  in 
the  bromine  atmosphere.  Where  does  the  carbon  go  to  since  it 
is  not  found  on  the  glass  walls?  It  must  be  somewhere.  In  my 
opinion  it  combines  chemically  with  the  bromine,  and  such  a 
combination  does  exist ;  it  is  tetra-bromine  of  carbon.  This  sub- 
stance has  not  been  produced  out  of  the  elements,  bromine  and 
carbon  directly,  but  it  can  be  produced  with  the  ordinary  facili- 
ties of  chemical  laboratories.  Tetra-bromine  of  carbon  is  not 
black,  and  it  may  be  in  the  lamp  globes  in  infinitely  small  quan- 
tities, but  enough  may  be  in  there  to  prevent  the  blackening. 
Combinations  take  place  in  the  lamp  chamber :  for  instance,  the 
formation  of  carbon  monoxid  has  not  been  disputed  by  the  other 
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gentlemen  here,  and  has  been  held  up  by  every  one  who  talked 
about  it  to-night.  So  if  one  chemical  combination  takes  place 
another  one  can  take  place.  Although  this  substance  (tetra- 
bromine  of  carbon)  has  not  been  prodnoed  from  the  two  ele- 
ments directly,  it  has  been  produced  in  chemical  laboratories  and 
may  be  prodnoed  from  the  elements  directly  by  the  intense  heat 
of  the  electric  current.  This  will,  in  my  opinion,  reasonably  ex- 
plain the  freedom  from  blackening  of  the  bromine  lamp. 

I  should  like  to  say  something  now  about  carbon  particles  and 
carbon  vapors  or  gaseous  carbon  in  lamps ;  volatilization  of  the 
filament  takes  pleSe,  that  is  a  pretty  well  settled  question,  but  in 
what  form  is  tne  carbon  present  ?  Is  it  in  the  form  of  vapor, 
that  is,  as  gas.  or  in  a  tinefy  divided  condition,  that  is,  as  particles 
of  carbon  f  If  we  consider  that  it  is  very  hard  to  get  carbon 
into  the  form  of  gaseous  vapor,  then  it  is  easily  understood  that, 
even  if  we  accept  that  carbon  gases  exist  near  the  incandescent 
filament, -it  must  certainly  condense  like  mercury  vapor  or  any 
other  volatilized  liquid  when  it  goes  a  little  away  from  the  heated 
filament,  and  then  it  will  certainly  fall  as  particles  of  carbon  on 
the  glass  walls  I  want  to  be  understood  distinctly  about  this. 
If  there  is  really  carbon  vapor,  that  is.  carbon  gas  in  the  lamp,  it 
can  be  there  only  in  the  closest  neighborhood  of  the  white  glow- 
ing filament,  and  must  certainly  condense  like  everything  else 
when  further  removed  away  into  cooler  portions  oi  the  lamp 
chamber,  and  must  settle  on  the  glass  walls  as  finely  divided 
particles  of  carbon,  as  carbon  dust,  and  not  as  gciseous  vapor. 

Mr.  Olan: — I  am  surprised  to  hear  that  dioxid  ot  carbon 
could  not  in  first  hand  be  formed  from  oxygen  and  cari>on,  where 
there  is  an  excess  of  carbon.  That  it  ooes  form  is  a  fact  on 
which  the  metallurgy  of  the  iron  is  based.  Dioxid  of  carbon  is 
formed  just  before  the  blast.  Later  on,  as  this  gas  arises  in  the 
furnace,  it  is  transformed  by  the  carbon  into  monoxid  of  carbon 
and  receives  as  such  the  reducing  qualities  which  makes  the  iron 
from  the  ore.  I  do  not  think  I  liave  heard  that  fact  denied  be- 
fore. 

Dr.  Otto  A.  Moses  : — I  have  been  very  much  edified  listen- 
ing to  the  general  discussion,  both  from  a  chemical  and  practi- 
cal standpoint.  But  in  a  matter  of  such  importance  as  that, 
which  seems  to  be  generally  recognized  as  fundamental,  we  ought 
to  be  very  careful  to  consider  all  available  theories  of  action,  in 
order  to  be  able  to  guide  ourselves  and  others  where  vast  sums  of 
money  have  to  be  expended  in  the  pursuit  of  some  development 
of  them.  Many  different  views  have  been  expressed,  apparently 
discordant  in  cnaracter;  and  it  seems  to  me  that  the  time  has 
about  arrived,  after  fifteen  years  of  experiments  in  the  direction 
of  incandescent  lighting,  for  them  all  to  be  correlated  so  that  the 
practicioner  can  take  new  points  of  departure  in  the  future 
manufacture  of  the  carbon  incandescent  lamp.  It  is  a  veir  im- 
portant thing  to  suspend  judgment  during  tlie  progress  of  any 
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invention  or  discovery  until  sufficient  data  have  been  collected, 
to  enable  us  afterwards  to  formulate  theories.  The  time,  I 
think,  has  now  arrived  (and  it  may  be  of  some  interest  for  it 
now  to  be  promulgated)  for  the  advancement  of  one  more  theory 
which  has  not  been  referred  to  this  evening,  nor  published,  to 
my  knowledge,  although  it  was  cast  into  shape  some  14  years  ago. 
The  use  of  millions  of  incandescent  lamps  demonstrates  the  truth 
of  the  theory  then  propounded.  The  precedent  is  given  to  us 
by  Faraday,  when  he  said  that  the  thing  of  all  things  that  he 
admired  most  in  a  man  was  his  power  to  suspend  judgment,  and 
he  added,  it  was  due  to  this  power  that  Ampere  had  himself  lost 
the  opportunity  of  predicting  phenomena  which  have  since 
rendered  Faraday's  name  immortal.  When  Ampere  first  noticed 
the  retardation  of  the  movement  of  the  magnetic  needle  above 
a  revolving  disk  of  copper  he  could  give  no  substantial  reason 
for  it,  and,  therefore,  ne  suspended  his  judgment  of  the  facts. 
Experiments  in  the  hands  of  Faraday  afterwards  developed  the 
full  value  of  this  obsei^vation. 

When  the  first  hundred  incandescent  lamps  were  made  and 
shown  at  Menlo  Park,  the  world  had  become  very  much  excited 
over  the  subject  we  are  now  discussing.  The  lamps  liveld  but 
from  50  to  100  hours  each.  Very  few  exceeded  100  hours.  The 
globes  became  densely  coated  with  a  black  deposit,  and  altogether 
the  expectations  of  those  who  had  devoted  their  time  to  the  sub- 
ject, were  very  much  clouded  from  that  ominous  fact.  Professor 
Crookes  was  inclined  to  believe  that  no  carbon  filament  could 
last  long  in  a  residual  oxygen  vacuum,  and  in  his  argument  re- 
vived an  idea  that  had  developed  in  the  hands  oi  St.  Claire 
Deville  about  the  dissociation  of  carbonic  acid  in  high  tempera- 
tures, and  the  subsequent  deposition  of  carbon  at  lower  tem- 
peratiires;  and  many  scientists  were  then  inclined  to  believe 
that  this  act  of  dissociation  would  finally  and  inevitably  lead  to 
the  disintegration  and  rapid  destruction  of  the  filament.  Just  at 
that  time  the  problem  of  determining  what  was  the  chemical 
composition  of  that  coating  was  placed  in  my  liands  bv  Mr.  Edi- 
son and  was  investigated  for  several  months.  Those  hundred  or 
more  lamps  were  submitted  to  all  kinds  of  tests  and  analysis  to 
discover  what  that  coating  was,  and  I  am  glad  to  say  that  it  was 
possible  to  determine  beyond  all  doubt  that  it  was  not,  as  was 
surmised  by  Professor  Crookes,  a  deposition  of  pure  carbon,  but 
a  hydrocarbon  and  a  paraffin.  In  the  beff inning  it  was  thought 
to  be  the  body  of  the  filament,  itself  disintegrated,  projected 
electrically  upon  the  inner  surface.  But  there  w^ere  some  diffi- 
culties in  the  way  of  that  hypothesis,  and  further  analysis  dem- 
onstrated that  while  approximating  in  composition  to  tlie 
filament,  the  substance  was  not  identical  with  it.  Some  of  the 
experiments  have  the  very  greatest  bearing  upon  the  subject 
discussed  in  Professor  Anthony's  valuable  paper,  because  the 
gases  chlorine,  bromine  and  iodine  were  used  for  the  purposes 
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of  attacking  that  inner  coating  in  order  to  find  out  b^  substitn- 
tion  what  was  tlie  composition  of  the  pellicle.  It  is  interesting 
to  recognize  the  fact  tliat  chlorine  ana  these  other  gases  do  not 
attack  the  body  of  the  filament ;  and  by  the  change  of  color  and 
the  clarification  of  the  pellicle  from  a  dark  substance  into  one 
quite  translucent,  and  occasionally  almost  transparent,  it  was  de- 
monstrated that  this  pellicle  had  been  attacked  by  the  chlorine,  and 
that  consequently  it  was  not  a  pure  carbon.  Further  experi- 
ments demonstrated  also  that  in  tlie  pellicle  there  was  hydrogen, 
carbon  and  some  nitrogen.  The  pellicle  was  submitted  to  the 
action  of  chemically  pure,  dry  chlorine  gas.  The  formation  of 
substitution  compounos  seemed  to  be  almost  instantaneous.  The 
pellicle  was  attacked  and  became  of  a  horny  nature.  The 
Tacuum  globes  had  their  ends  broken  oflf  after  insertion  into 
vessels  containing  chlorine  gas.  They  were  partially  buried  in 
snow  for  several  days,  in  order  to  see  what  effect  would  be  pro- 
duced by  the  condensation  of  any  liquids  that  might  have  been 
formed  by  the  action  of  the  chlorine  on  the  pellicle.  Where  the 
heat  was  taken  away  at  that  particular  point  in  contact  with  the 
snow,  a  concentration  of  action  was  observed  to  have  taken 
place.  These  experiments,  and  quite  a  number  of  others  with 
which  I  will  not  fatigue  you,  led  to  this  conclusion  in  my  mind, 
that  the  carbon  filament  is  nothing  but  one  of  an  infinite  series 
of  hydrocarbon  compounds  commencing  with  the  most  volatile 
liquids,  or,  perhaps,  even  with  the  gases,  and  extending  up  to 
the  diamond.  Tne  hydrocarbon  is  invariably  present.  At  about 
that  time  Professors  i  oung.  Barker,  Rowland  and  Brackett  were 
at  the  laboratory,  and  some  of  the  carbon  filaments  were  sul)- 
jected  to  the  most  extraordinary  temperatures  for  s[)ectroscopic 
analysis  of  their  light.  One,  in  particular,  fused  at  its  point  of 
rupture.  While  it  was  being  gradually  heated,  the  spectrum  was 
observed  by  Professor  Young.  The  hydrogen  line  was  invari- 
ably present  in  all,  except  at  the  poinf  of  rupture  of  this  fila- 
ment, when  it  was  thought  to  have  disappeared  several  seconds 
before  breaking.  But  up  to  that  point  there  was  no  doubt  in 
the  minds  of  any  one  of  the  observers  that  hydrogen  was  pi'es- 
ent.  That  fact  I  shortly  afterwards  mentioned  to  M.  Dumas, 
the  permanent  secretary  of  the  French  Academy,  and  the  greatest 
authority  at  that  time  on  carbon  in  the  world,  to  whom  was  due 
the  determination  of  the  atomic  weight  of  carbon.  At  that  time 
I  ventured  to  make  the  statement,  that  I  did  not  believe  there 
existed  such  a  substance  as  pure  carbon.  lie  'said  to  me,  "  I  am 
very  much  inclined  to  believe  it,  perhaps,  with  the  exception  of 
the  diamond."  In  the  manufacture  of  carbons  for  incandescent 
lamps,  the  increase  of  temperature  commencing  with  the  heating 
of  tlie  organic  matter  in  a  vacuum  gradually,  causes  distillation 
of  the  volatile  matters  present,  until  vou  get  to  the  so-called  car- 
bon skeleton.  Submitting  that  finally  to  arreater  and  greater 
heats,  you  find  invariably  a  shrinking  of  tfie  carbon  skeleton. 
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That  shrinking  has  no  absohite  limit.  Towards  the  end  of  the 
carbonization,  no  we  ver,  when  the  temperatures  are  enormously 
increased,  it  is  scarcely  perceptible.  The  shrinking,  between  the 
temperature  of  the  air  and  that  linal  tempei-ature  at  which  car- 
bons are  now  produced,  is  about  one-third  in  bulk.  So  that  there 
we  have  evidence  of  a  continuous  distillation  of  volatile  portions 
of  the  hydrocarbon  filament,  until  the  limit  is  reached  by  the 
disintegration  or,  perhaps,  volatilization  of  the  carbon.  It  one 
considers  this  phenomenon  we  have  at  once  a  solution  of  all 
these  discordant  phenomena  reported  during  our  present  discusr 
sion.  The  known  paraffins  will  distill  oflE,  together  with  the  long 
series  of  them,  more  and  more  infusible  in  tlieir  nature,  and  yet 
unknown  and  unstudied  until  finally  a  residual  carbon  (?)  is  left, 
which,  as  Professor  Anthony  has  said,  is  in  appearance,  like  the 
finest  steel  and  is  exceedingly  hard. 

An  analogy  strikes  me  here  which  may  be  of  service  in  con- 
sidering that  question.  We  have  all  observed  in  the  druggists' 
windows  the  volatilization  of  camphor  at  ordinary  pressures,  and 
we  have  also  been  inclined  to  believe  that  the  deposition  of  the 
condensed  vapor,  formed  towards  the  light,  is  connected  in  some 
way  with  the  action  of  light,  since  it  would  seem  that  at  the 
place  where  the  light  entered  the  vessel  would  be  a  greater  tem- 
perature than  elsewhere  in  the  enclosing  chamber.  &it  there  is  a 
time  in  the  night  when  radiation  takes  place,  if  the  vessel  be  op- 
posite to  an  open  window,  where  the  heat  radiates  from  the  vessel 
mto  space,  and  there  will  be  a  deposition  on  the  inner  surface  of 
the  vessel  in  the  direction  of  the  window,  which,  during  the  day- 
time, was  really  the  point  of  greatest  heat.  In  some  such  way 
we  may  suppose  that  the  paramns  and  all  that  series  of  hydrocar- 
bons that  are  more  fusible  than  the  residual  hydrocarbon  left  in 
the  filament  while  it  incandesces,  would  precipitate  upon  the 
colder  surface  of  the  chamber.  That  is  made  evident,  too,  by  a 
study  of  the  phantom  shadows  cast.  This  deposition  of  carbon  is 
but  a  process  of  simple  distillation  continuously  taking  place.  Why 
should  it  not  take  place  at  once  on  the  first  ignition,  is  a  natural 
inquiry.  Because  the  particles  have  been  rendered  semi-plastic, 
and  have  been  fused  throughout  the  mass  of  the  hydrocarbon, 
and  a  rupture  must  take  place  in  the  ^  occluding  cells  before  the 
enclosed  hydrocarbon,  of  lower  melting  point  than  the  filament, 
can  escape.  Even  if  the  temperature  is  kept  constant  in  the 
filament,  the  wearing  away  still  continues.  There  is  a  constant 
evaporation  taking  place  and  a  deposition  upon  the  colder  sur- 
face of  the  globe. 

It  may  be  asked  why  these  observations  have  not  before  been 

a'ven  to  the  world.  They  were  formulated  and  submitted  to 
r.  Edison  at  a  time  when  they  became  practically  valuable, 
for  only  when  the  cause  of  this  blackening  was  known  did  the 
future  of  the  incandescent  lamp  become  assured.  It  simply  be- 
came necessary  to  increase  the  temperatures  at  which  the  fila- 
ments were  carbonized  to  the  very  highest  point  possible,  in 
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order  to  prolong  the  life  of  the  lamp.  That  method  wa« 
adopted,  and  it  wae  not  generally  known  outside  of  that  labora- 
tory. But  it  was  the  turning  pomt  in  the  commercial  production 
of  the  incandescent  lamp.  When,  on  discovering  this  fact,  it 
was  referred  to  Mr.  Edison  as  of  sufficient  interest  to  be  pub- 
lished to  the  world,  he  made  one  of  his  characteristic  remarks. 
He  said  ;  "  We  are  on  a  forced  march  and  we  haven't  time  to 
bury  our  enemies,  or  to  put  up  tombstones  over  them." 

The  Chaikman  : — If  there  is  no  further  discussion  of  the  sub- 
ject, we  will  ask  Prof.  Anthony  to  reply  to  what  has  been  said. 

Prof.  Anthony  :— Mr.  President,  at  this  late  hour  I  will  touch 
upon  a  few  points  only  of  those  brought  out  in  this  discussion. 
With  reference  to  Professor  Elihu  Thomson's  remarks  upon  the 
softening  of  carbon,  1  did  not  wish  to  be  understood  as  endors- 
ing the  statement  that  it  could  not  be  softened.  The  supposed 
fact  had  been  adduced  as  an  argument  against  its  vaporization, 
and  I  pointed  out  that  even  if  it  were  true  that  melting,  or  soft- 
ening never  occurred,  it  was  not  a  valid  argument.  A  little 
further  on  I  referred  to  the  fact  that  Depretz  had  succeeded  in 
softening,  and  even  welding,  rods  of  carbon  more  than  fifty 
years  ago. 

With  reference  to  the  remarks  of  Mr.  Howell,  when  I  went 
to  the  Mather  company,  six  years  ago,  I  had  considerable  to  do 
with  incandescent  lamp  manufacture,  and  had  observed  that 
lamps  sometimes  improved  in  candle  power  for  the  first  50  hours 
or  so,  but  this  was  generally,  and  my  impression  is,  always, 
accompanied  with  decrease  in  resistance  and  consequent  increase 
of  current.  It  was  not  the  usual  result,  and  I  always  ascribed  it 
to  diflEerences  in  the  filaments  such  as  might  occur  from  different 
temperatures  in  the  carbonizing  furnace,  or  even  to  the  different 
positions  of  the  filaments  in  the  boxes  in  which  they  were  packed 
for  carbonization.  Table  III.  shows  an  increase  in  current  and, 
therefore,  decrease  in  resistance  in  both  vacuum  and  bromine 
lamps  at  210  hours,  and  yet  the  vacuum  lamps  had  fallen  in 
candle  power. 

Mr.  Howell  states  that  these  lamps  are  poor  vacuum  lamps, 
and  exhibits  the  results  of  tests  that  show  a  remarkable  life  and 
remarkable  uniformity  in  candle  power  and  efficiency.  I  can 
only  say  that  I  have  never  met  with  such  lamps  in  commercial 
use,  and  remember  well  that  when  I  was  obliged  to  use  Edison 
lamps  in  my  own  house  because  of  the  injunction  restraining 
the  Mather  company  from  using  others,  1  found  the  failure  in 
candle  power  very  serious.  If  the  lamps  of  Table  III.  dive poor 
lamps,  tney  were  aU  alike  up  to  the  point  of  exhausting,  and  the 
tests  show  a  remarkable  difference  in  behavior.  As  to  the  use  of 
55-volt  lamps  for  these  tests,  as  I  understand  55-volt  lamps 
formed  a  considerable  portion  of  the  product  of  the  Waring 
factory  and  of  the  Perkins  factory  before  it.  1  understood  that 
they  found  there  was  less  to  fear  from  competition  in  lamps  of 
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this  voltage  than  in  those  of  100  volts  or  above.  In  other  words, 
50-volt  lamps  on  the  market  were  less  satisfactory  than  those  of 
the  hisrh  voltages.  I  hardly  see  how  this  agrees  with  the  state- 
ment that  any  one  can  make  60-volt  lamps. 

A.S  to  the  variation  in  voltage  in  the  individual  lamps  of  Table 
III.  they  were  taken  from  lamps  all  made  at  the  same  time  from 
the  same  '*  batch''  of  carbons,  in  order  to  remove  any  question  as 
to  the  cause  of  the  differences  which  it  was  expected  would  de- 
velop in  the  final  test.  They  could  not  be  volted  until  they 
were  finished,  and  they  then  had  to  be  taken  as  they  came. 
Whatever  difference  there  was  in  individual  lamps,  it  was  greater 
for  the  bromine  than  for  the  vacuum  lamps.  The  bromine  lamps 
were  started  also  at  a  slightly  higher  eflBciency,  fo  that  every 
advantage  was  given  to  the  vacuum  lamps.  1  fail  to  see  how 
these  differences  in  conditions  affect  the  comparison  between 
the  two. 

I  wish  to  add  that  my  object  in  presenting  this  paper  was  to 
point  out  the  theory  as  a  matter  of  scientific  as  well  as  pra<;tical 
importance.  I  am  glad  to  find  among  those  best  qualified  to 
judge,  that  the  vaporization  of  the  carbon  is  generally  accepted 
as  the  cause  of  the  blackening,  but  I  had  not  found  such  general 
acquiescence  before,  and  in  the  argument  for  the  Edison  com- 
pany in  the  suit  to  which  Mr.  Howell  has  referred,  it  was  pro- 
nounced absurd.  As  pointed  out  by  Professor  Robb,  the  rapid 
increase  in  the  blackening  due  to  small  increase  in  the  voltage  at 
which  a  lamp  is  run,  shows  the  vaporization  to  be  due  to  neat 
rather  than  to  electrical  action,  it  is  what  we  should  expect 
from  the  rapid  increase  in  the  vapor  tension  with  rise  of  tem- 

Sjrature  that  occurs  in  other  cases.  I  cannot  agree  with  Dr. 
ohm  and  Professor  Elihu  Thomson,  that  the  vapor  would  con- 
dense as  soon  as  it  left  the  region  of  the  filament  This  might 
be  true  if  a  gas  were  present  to  which  it  could  give  up  its  heat, 
but  if  the  vacuum  were  perfect  except  the  carbon  vapor,  to  what 
would  it  give  up  its  heat  except  to  the  walls  of  the  vessel  ?  With 
reference  to  the  claim  of  another  speaker,  that  gases  in  the  cham- 
ber may  serve  as  the  carriers,  I  would  call  attention  to  the  fact, 
that  the  presence  of  any  gas  in  the  chamber,  in  proper  quantity, 
retards  the  blackening.  There  are  other  points  I  should  like  to 
touch  upon,  but  considering  the  lateness  of  the  hour  will  leave 
the  matter  here. 

Mr.  Howell  : — In  regard  to  Professor  Anthony's  experience 
with  Edison  lamps  I  have  no  doubt  he  is  entirely  right.  You 
cannot  expect  results  like  those  I  have  shown,  from  anything  but 
the  type  of  lamp  upon  which  this  test  was  made.  If  Professor 
Anthony  has  burned  in  his  house  115-volt  lamps  they  will  not 
give  any  such  results,  and  if  I  were  to  come  here  and  show  you 
these  curves,  and  say  they  are  characteristic  curves  of  Edison 
lamps  I  would  be  deceiving  you.  I  have  shown  you  that  curve 
because  it  is  made  by  lamps  of  the  same  type  as  those  tested  by 
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Professor  Anthony,  and  gnoted  in  hid  paper.  If  he  had  pro- 
duced another  type  1  would  not  have  exhibited  those  curves  at 
all.     I  would  have  shown  the  same  thing  that  he  showed. 

[President  Houston  here  resumed  the  chair.] 

The  President: — Before  going  any  further  the  Institute 
may  like  to  know  that  I  have  had  the  pleasure  of  sending  the 
following  message  to  Chicago  : 

"As  President  of  the  American  Institlte  of  Electrical 
"  Engineers  I  desire  to  send  hearty  congratulations  on  the  sue- 
"  cess  of  our  first  dual  meeting.  It  gives  me  great  pleasure  to 
"  address  at  once  two  meetings,  over  1,000  miles  apart,  and  to 
*•  know  that  that  has  been  rendered  possible  by  the  advances  in 
"  that  branch  of  engineering  which  it  is  the  privilege  of  our 
"  society  to  represent. 

"  The  Institute  has  agreed,  provisionally,  to  adopt  the  name 
"  '  gauss,'  '  weber,'  '  oersted,'  and  'gilbert '  for  the  magnetic  units 
"  01  flux  density,  magnetic  flux,  magnetomotive  force  and  le- 
"  luctance." 

I  sent  them  word  that  Professor  Anthony's  paper  Lad  been 
read  and  listened  to  with  great  attention,  and  was  now  going  into 
debate.     The  Cliicago  meeting  sends  word : 

*'  The  Chicago  meeting  sends  congratulations  to  the  New  York 
"  meeting,  and  trusts  that  the  intercommunication  thus,  for  the 
"  first  time,  inaugurated  by  means  of  the  telephone  will  not  be 
"  the  last.  It  believes  that  considerable  advance  will  be  made 
'•  in  electrical  science  by  the  idea  of  holding  simultaneous  meet- 
"  ings  in  different  parts  of  the  country.  It  also  sends  word  that 
"  Professor  Anthony's  paper  has  been  read  and  is  now  being 
"  discussed." 

If  there  is  no  other  gentleman  who  desires  to  discuss  Pro- 
fessor Anthony's  paper,  i  would  like  to  make  one  or  two  brief 
remarks.  I  woula  like  to  discuss  this  paper  at  great  length,  but 
time  does  not  permit. 

At  the  time  the  Sawyer-Man  lamp  came  out,  it  was  my  pleas- 
ure to  make  some  investigation  and  experiments  in  lamps  con- 
taining very  low  vacua.  The  Sawyer-Man  tvpe  of  lamp  was  a 
lamp  with  a  fibrous  carbon  filament  in  whicn  instead  of  the  or- 
dinary vacuum  produced  by  a  pump,  an  attempt  was  made  to 
produce  a  vacuum,  and  I  believe  a  fairly  good  vacuum  was  made 
by  rarefying  a  gas,  heating  it  to  high  temperature  and  sending  a 
current  of  nitrogen  through  it,  and  some  very  fair  results  were 
obtained. 

While  I  do  not  wish  to  criticise  Prof.  Anthony's  paper,  since  I 
know  that  the  term  that  he  uses  is  a  term  that  is  commonly  em- 
ployed, still  I  think  the  term  is  a  bad  one,  namely  "  eflSciencies 
in  watts  per  candle."  This  would  make  the  efficiency  equal  the 
watts  divided  by  the  candles,  or  the  activity  divided  by  the  lumi- 
nous energy.  Now  if  we  consider  the  electric  lamp  as  a  device 
for  converting  electrical  into   luminous  energy,  as  it  of  course 
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is,  then  this  expression  would  necessarily  be  faulty,  since  it 
would  show  a  hi«rlier  eflBciency,  the  poorer  the  lamp  is  as  a  trans- 
lating device.  Of  course  the  phrase  should  be  "  candles  per 
watt."  It  should  be  '*  eflSciency  equals  candles  divided  by 
watts  :"  or  the  luminous  energy  divided  hj  the  activity.  This, 
however,  would  not  be  strictly  accurate  in  itself,  since  the  lumi- 
nous energy  would  require  for  actual  practice  to  be  multiplied  by  a 
physical  constant ;  that  is  multiplied  by  a  constant,  varying 
with  the  distribution  of  the  wave  lengths  m  the  different  parts  or 
the  spectrum.  I  would  propose  for  use  in  this  connection,  if  in- 
deed it  has  not  been  used,  the  term  "  candles  per  kilowatt,"  thus 
making  the  efficiency  equal  to  the  luminous  energy  divided  by 
the  total  energy. 

Pbof.  Anthony  ; — I  perfectly  understand  that  criticism,  and 
agree  with  the  Chairman  entirely.  I  was  simply  using  the  term 
as  it  is  generally  used.     [Adjourned.] 

[Owing  to  lack  of  time  the  following  remarks  by  Mr.  Moore 
were  submitted  after  adjournment.] 

Mr.  D.  McFarlan  Moorb: — Mr.  President,  the  statement 
that  the  most  important  problem  in  connection  with  electric 
lighting  to-day,  is  the  successful  production  of  a  more  efficient 
lamp,  I  do  not  think  will  be  questioned.  Our  present  knowl- 
edge seems  to  indicate  that  we  nave  about  reached  the  limit  of 
efficiency  in  dynamo  construction,  and  that  by  far  the  most  in- 
efficient portion  of  an  electric  lighting  installation  is  that  where 
the  current  is  transformed  into  li^ht,  viz.,  the  lamp.  The  sub- 
ject under  discussion  to-night  is  primarily  the  blackening  of  lamp 
bulbs  and  the  consequent  decrease  in  efficiency.  The  blackening 
material  is  the  disintegration  of  the  filament,  that  is,  the  blacken- 
ing is  caused  by  the  volatility  of  the  carbon.  Therefore,  the 
apparent  remedy  is  to  get  a  filament  that  will  not  disintegrate 
and  volatilize,  and  at  the  same  time  have  high  efficiency  and 
long  life,  or  better  still  get  rid  of  the  filament  entirely.  This 
would  bean  "ideal"  lamp,  although  the  ideal  filament  lamp  de- 
scribed by  Professor  Anthony  is  by  no  means  an  impossibility. 
It  is  not  difficult  to  conceive  of  a  filament  so  constructed  that  it 
will  rupture  the  moment  a  certain  degree  of  disintegration  (it 
may  be  very  small)  has  been  reached.  A  filament  with  a  very 
hard  and  smooth  surface,  yet  soft  interior,  might  accomplish  this 
purpose.  That  is,  the  filament  t©  be  so  designed  that  it  shall  have 
but  little  life  after  its  glaze  has  been  punctured  or  destroyed  due 
to  the  combined  action  of  heat  and  electrical  action,  but  not  by 
'^air  washing." 

Heat  means  molecular  action,  which,  if  sufficiently  violent,  par- 
tially overcomes  cohesion,  and  the  molecular  action  is  then  in 
accordance  with  Newton's  first  law.  Since  this  process  is  con- 
tinuous and  in  one  direction,  that  is,  from  the  filament,  there  is 
little  liability  of  particles,  after  having  once  escaped  from  the 
cohesive  forces,  oi  returning  to  their  original  positions  in  which 
they  constituted  the  filament. 
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The  paper  attributes  the  so-called  "  phosphorescent"  light 
(which,  by  the  way,  seems  to  be  a  very  misleading  and  poorly 
adapted  name  for  this  phenomenon)  to  the  molecular  impacts  upon 
the  enclosing  chamber,  but  the  study  of  the  results  obtained  with 
different  degrees  of  vacuum  would  seem  to  indicate  that  the 
most  light  is  produced,  when  the  enclosed  gas  is  attenuated  to  a 
degree  most  suited  to  be  thrown  into  a  state  of  high  vibration 
by  the  electric  impulses  of  the  current.  It  is  also  stated  in  the 
paper  that  a  great  potential  difference  is  necessary  to  produce 
this  effect,  but  it  does  not  follow  that  a  high  tension  current  is 
necessary. 

I  respectfully  refer  you  to  my  paper  before  this  body  on 
September  20th  last,'  wherein  I  suggest  the  construction  of  a  lamp 
without  a  filament,  the  light  being  produced  by  molecular  dis- 
turbance due  to  rapid,  successive,  conductive  discharges  of  a  low 
potential  current,  which  are,  of  course,  oscillatory  in  character ; 
and,  on  account  of  self-induction,  produce  the  high  tension  neces- 
sary to  molecular  vibrations  of  sufficient  frequency  to  cause 
luminosity  in  the  surrounding  space,  filled  with  the  proper 
quantity  of  vapor  or  gas,  and  a  vapor  or  gas  best  adapted  to  the 
purpose,  viz.,  that  of  producing  light. 

The  lamp  of  to-day  cannot  withstand  the  demand  of  these 
progressive  times  much  longer,  and  a  new  method  of  electric 
illumination  must  shortly  succeed  it.  The  lamp  of  to-day  may 
evolve  into  either  a  straight  continuous  light-giving  tube  of  any 
length,  or  evacuated  space  in  every  conceivable  form,  depena- 
ing  upon  the  principle  that  luminous  molecular  vibrations  gener- 
ated in  one  portion  of  an  evacuated  space  (best  concealed)  will 
travel  throughout  the  confines  of  such  space.     It  is  upon  these 

feneral  lines  that  the  electric  lighting  of  the  future  will  proba- 
ly  be  carried  out. 

[Communicated  after  adjournment,  by  Prof.    Keginald   A. 

Fessenden.] 

Professor  Anthony's  paper  deals  with  a  subject  of  great  im- 
portance from  a  practical  standpoint.  As  1  understand  him,  he 
considers  that  tlie  blackening  of  incandescent  lamps  is  due 
mainly,  if  not  entirely,  to  a  thermal  vaporization  of  the  carbon, 
as  distinguished  from  the  vaporization  produced  by  electrical 
means.  This  conclusion  can  hardly  be  accepted  by*^  those  who 
have  done  much  experimenting  on  the  subject. 

To  mention  one  single  experiment  (due  originally  to  Mr. 
Edison,  I  believe,)  w^hich  will  be  a  familiar  one  to  most  lamp 
manufacturers.  If  we  take  a  small  bundle  of  glass  fibres,  clean 
them  carefully,  then  spread  them  out  like  a  broom,  and  seal  them 
in  an  incandescent  lamp,  so  that  the  plane  of  the  broom  is  per- 
pendicular to  the  plane  in  which  the  filament  is,  and  lies  between 

1   Tbanbactionb,  vol.  X.,  p.  437. 
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the  legs  of  the  filament,  we  shall  find,  on  running  the  lamp  at 
its  normal  voltage  for  a  few  hundred  hours,  most  decided  evid- 
ences of  Crookes'  effect.  For  it  will  then  be  noticed  that,  while 
the  side  of  the  broom  next  the  +  terminal  is  perfectly  clean,  go 
far  as  the  eye  can  tell,  the  side  next  the  —  terminal  is  covered 
with  a  thick,  black  deposit  of  carbon. 

This  experiment  would  appear  to  be  conclusive,  for  if  the 
carbon  deposit  were  due  to  vaporization  by  heat,  both  sides 
would  be  blackened,  whereas  one  is  perfectly  clean,  and  the 
other  is  coated. 

Other  experiments  might  be  mentioned,  but  this  will  sufSce. 

It  is  also  stated  that  the  carbon  deposit  never  appears  as  a  line 
deposit.  This  is  not  quite  correct,  for  though  it  is  rare,  I  have 
seen  it  on  more  than  one  occasion,  and  so  most  probably  have 
others.  I  conceive  that  the  reason  why  it  is  so  rare,  is  that  the 
two  legs  of  a  carbon  filament  very  rarely  lie  throughout  their 
whole  length  in  the  one  plane,  and  unless  this  be  the  case,  a  line 
deposit  is,  of  course,  an  impossibility. 

I  would  also  say  that  the  carbon  deposit  is  not  evenly  deposited, 
though  it  may  be  so  in  certain  cases.  I  have  seen  ouite  a  number 
of  lamps  in  which  the  deposit  was  in  segments,  Hkc  those  of  a 
football,  but  with  the  spaces  corresponding  to  the  seams  much 
wider  in  proportion,  also  lamps  in  which  there  were  bare  spots 
symmetrically  arranged  in  the  centres  of  dark  deposits.  Some 
circumstances  led  me  to  think  that  these  latter  were  caused  by 
the  presence  of  conducting  impurities  in  the  glass,  and  I  endeav- 
ored to  reproduce  them  in  predetermined  forms,  but  failed,  the 
theory  being  probably  wrong. 

In  the  writer's  opinion,  the  phenomenon  is  a  true  Orookes 
effect,  and  the  decrease  of  blackening  is  due  simply  to  the  fact 
that  it  takes  a  greater  potential  to  start  a  negative  discharge  into 
one  gas  from  an  electrode  than  into  another  gas.  For  instance, 
it  takes  twice  the  potential  to  create  a  negative  discharge  from 
an  iron  electrode  into  nitrogen,  that  it  does  to  create  a  discharge 
from  the  same  electrode  into  air.  Some  facts  in  thermo-chemis- 
try  seem  to  throw  a  light  on  the  subject,  but  at  present  there  is 
not  sufficient  datum  to  prove  the  connection.  It  may,  however, 
be  mentioned,  that  if  it  is  correct,  phosphorous  should  act  even 
better  than  chlorine  or  nitrogen,  provided  its  vapor  tension  were 
high  enough. 

[Communicated  after  adjournment,  by  Charles  J.  Eeed.] 

Professor  Anthony  quotes  Fleming  and  Proctor  as  authority 
for  the  statement  that  the  filament  never  casts  a  shadow  in  a 
carbon  deposit.  I  have  frequently  seen  the  shadow  in  a  carbon 
deposit  in  large  lamps  having  a  long  but  rigid  filament.  A  very 
remarkable  and  unmistakable  case  I  remember  in  1887,  was  an 
Edison  100-candle  100-volt  lamp  at  Idaho  Springs,  Colorado. 
The  lamp  gave  a  very  bright  light,  being  evidently  "vol  ted" 
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too  high.  After  burning  about  a  month  the  filament  ruptured 
about  an  inch  from  the  base.  There  was  no  trace  of  copper  in 
the  deposit,  though  the  filament  was  attached  by  copper  plating. 
The  green  color  by  transmitted,  and  the  red  color  by  reflected 
light,  were  both  entirely  absent,  but  the  globe  was  intensely 
blackened  by  a  carbon  deposit  everywhere  except  in  the  plane  of 
the  filament,  which  showed  a  very  strong  and  sharply  defined 
shadow.  The  shadow  was  very  deep  on  the  side  oi  the  globe 
farthest  from  the  rupture,  while  it  was  nearly  obliterated  on 
the  side  nearest  the  rupture  where  the  "blackening  was  most  in- 
tense.    This  showed  : 

(1.)  That  the  shadow  had  been  partly  formed  before  the  rup- 
ture. 

(2.)  That  it  had  been  mostly  formed  while  the  arc  lasted  at  the 
time  of  rupture. 

(3.)  That  it  was  formed  by  particles  of  carbon  moving  in 
straight  lines,  and  not  by  particles  of  copper. 

In  regard  to  the  evaporation  of  metals  in  vacuo  mentioned 
by  Professor  Anthony,  I  have  found  that  silver  evaporates  with- 
out the  use  of  an  induction  spark  at  a  temperature  far  below  its 
melting  point.  If  the  carbon  filament  of  a  lamp  be  attached  to 
platinum  wires  by  a  globule  of  pure  silver,  a  bright  mirror  of 
silver  (blue  by  transmitted  light)  will  be  rapidly  deposited  on 
the  glass  at  the  nearest  point,  even  when  large  beads  of  glass  are 
melted  onto  the  wire  close  to  the  joint  to  keep  it  cool. 


Meeting  of  Western  Members  at  Chicago. 

A  meeting  of  the  western  members  of  the  Institute  was  held 
simultaneously  with  the  New  York  meeting,  in  the  lecture  room 
of  Professor  Stine,  at  the  Armour  Institute.  At  this  meeting 
the  paper  of  Professor  Anthony  was  read,  upon  the  invitation 
of  the  author,  by  Prof.  Dugald  C.  Jackson,  of  Madison,  Wis- 
consin. Through  the  kindness  of  Mr.  A.  S.  Hibbard,  the 
General  Manager  of  the  Chicago  Telephone  Company,  the  meet- 
ing rooms  were  placed  in  telepnonic  connection  with  the  Insti- 
tute rooms  in  New  York  City,  and  before  the  meeting  of  the 
Chicago  members  was  called  to  order,  a  half  hour  or  more  was 
very  pleasantly  spent  in  conversation  between  members  present 
at  the  Chicago  and  New  York  meetings.  The  possibility  of 
bringing  distant  audiences  in  touch  with  the  author  of  a  paper, 
was  satisfactorily  established,  and  before  adjournment,  President 
Houston,  at  New  York,  spoke  over  the  wire  to  attentive  listeners 
in  both  cities,  extending  congratulations  upon  the  success  of  the 
dual  meeting,  and  informing  the  Chicago  members  that  the  re- 
port of  the  Committee  on  [Jnits  and  Standards  had  been  ap- 
proved . 

The  Chicago  meeting  was  called  to  order  with  about  45  mem- 
bers and  guests  present,  by  the  Local  Honorary  Secretary,  who 
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read  the  Institute  rule  under  which  the  meeting  was  held.  It 
was  stated  that  20  members,  the  requisite  number,  had  signed  a 
petition,  and  that  in  accordance  witli  the  action  of  the  Council, 
the  Secretary  had  issued  the  call  for  the  holding  of  this  meeting 
in  Chicago.  Upon  motion  of  Mr.  B.  J.  Arnold,  Mr.  A.  S. 
Hibbard  was  named  as  Chairman.  Mr.  Hibbard  at  once  took 
the  chair,  and  the  Secretary  read  the  following  communication : 

CHICAGO    TELEPHONE    CO. 

Chicago,  lUs.,  March  21st,  1894. 
Edward  Caldwell,  Esq., 

Local  Honorary^  Secretary,  American  Institute  of  Elec.  Engrs., 
1432  Monadnock  Block,  Chicago. 
Dear  Sir:  The  use  of  the  Long  Distance  telephone  lines  between  Chicago 
and  New  York  has  been  extended  to  the  Institute  for  this  evening  by  the 
Vice-President  and  General  Manager,  Mr.  Edward  J.  Hall,  of  New  York. 
Telephones  have  been  placed  in  an  adjacent  room,  and  may  be  used  by  the 
members  present  in  Chicago  in  communicating  with  members  who  are  pres- 
ent at  the  New  York  meeting. 

Yours  truly, 

A.  S.  Hibbard, 

General  Manager. 

The  Chairman  then  called  upon  Professor  Jackeon,  who  read 
the  paper  as  announced. 

Discussion  at  Chicago. 

The  discussion  was  opened  bj'  Mr.  Francis  E.  Jackson,  of 
Harrison,  N.  J.,  who  exhibited  the  diagrams,  Figs.  1,  2  and  3, 
and  who  also  presented  similar  arguments,  and  called  attention 
to  the  points  alluded  to  by  Mr.  John  W.  Howell  at  the  New 
York  meeting.  [See  p.  155  ante,^  He  was  followed  by  Professor 
Stine,  as  follows : 

Prof.  Wilbur  M.  Stine: — The  paper  we  have  just  listened  to 
deals  primarily  with  the  '*  age  coating "  within  the  bulb  of  an 
incandescent  lamp;  it  argues  that  this  is  due  to  simple  rolatiliza- 
tion  of  the  carbon  iilament,  and  that  the  presence  of  certain 
heavy  gases  in  the  chamber  more  or  less  prevents  the  formation 
of  the  coating.  While  some  points  have  been  overlooked  and 
others  but  scantily  noticed,  the  paper  as  a  whole  is  broad  and 
suggestive  in  its  treatment  of  the  physical  causes  involved  in  the 
blackening  of  lamp  bulbs.  Much  has  been  written  on  this  sub- 
ject, but  writers  have  usually  been  too  one  sided  in  the  data  and 
explanations  which  they  have  presented.  It  is  only  when  the 
work  of  many  experimenters  and  authors  is  compared,  that  har- 
mony is  established  and  the  true  explanation  becomes  apparent. 

The  supposition,  I  had  almost  said  belief,  that  mercurial  va- 
por, supposed  to  be  present  in  the  lamp,  was,  somehow,  the 
agency  by  which  the  black  deposit  formed,  is  so  thoroughly 
explained  away  that  it  ought  not  again  to  be  advanced.  It  has 
always  seemed  strange  that  so  many  writers  caught  at  this  straw 
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for  an  explanation.  I  do  not  recall  having  seen  any  ^ood  reason 
advanced  a£  to  why  it  should  form  the  coating  ana  it  i%  rather 
singular  that  the  suggestion  ever  gained  headway.  However,  E. 
E.  Oary,  for  example,  in  an  article  in  the  Electncal  Engineer^ 
seems  satistied  that  the  blackening  is  due  to  remanent  mercurial 
vapor.  As  usual,  he  attempts  no  explanation  and  even  his  experi- 
ments are  open  to  criticism  and  further  demonstltition .  He  fur- 
ther states,  what  is  generally  accepted,  that  the  rate  of  blackening 
in  mercurially  exhausted  lamps  ( equally  true  for  all  types  of 
vacuum  lamps)  varies  with  the  density,  elasticity,  and  lack  of 
uniformity  in  filaments. 

A  careful  summary  of  experiments  bearing  on  the  production 
of  the  black  coating,  together  with  certain  well  known  facts  in 
the  life  history  of  the  incandescent  lamp,  entirely  supports  Pro- 
fessor Anthony's  statements.  I  will  now  attempt  to  summarize 
such  experiments  and  discuss  their  bearing  in  order.  In  an 
article  by  Professor  Nichols  we  find : 
( a )     That  the  rate  of  deposit  is  greatest  in  the  early  life  of  the 

lamp. 
( i)     The  distribution  of  the  coating  within  the  bulb  is  uniform. 
\o)    No  marked  diflference  in   the  blackening  exists  between 

treated  and  untreated  filaments. 
(//)     Lamps  increase  steadily  in  resistance  as  they  grow  older  by 
use.  Again  from  an  article  by  L.  S.  Powell  m  the  London 
E'eetrtcal  lieview. 
{e)    That  carbons  baked  or  flashed  at  a  low  temperature  black- 
en the  bulb  more  than  those  finished  at  a  high  temperature. 
That  the  film  is  a  good  conductor  of  electricity. 
Tf  we  discard  hydrocarbon  theories  as  not  sufficiently  proven, 
the  initial  rapidity  of  deposition  seems  due  to  the  lees  dense  por- 
tions of  the  carbon  volatilizing  early  in  use,  the  rate  then  is  also 
decreased  by  the  lower  temperature  due  to  decreasing  current. 

That  the  coating  is  uniform,  supports  the  gaseous  carbon  view, 
since  either  by  diffusion  or  convection  currents,  the  carbon  would 
be  evenly  distributed  over  the  entire  interior  of  the  bulb. 

The  fact  that  no  marked  difference  exists  in  the  blackening, 
whether  the  filament  be  treated  or  not,  scarcely  warrants  mucn 
confidence  being  placed  in  the  view  that  carbon  is  deposited  by 
the  formation  and  dissociation  of  some  hydrocarbons. 

It  is  a  well  known  fact  that  the  resistance  of  the  filament 
steadily  increases  with  use.  The  deposited  carbon  must,  in  the 
nature  of  tlie  case,  come  from  the  filament  and  nowhere  else,  thus 
constantly  attenuating  it.  But  why  may  not  the  successive 
heating  and  cooling  of  the  filament  cause  it  to  l)ecome  somewhat 
crystalline  and  graphitic,  and  add  to  its  resistance  and  liabil- 
ity to  break-down  i 

Various  conductivity  and  other  tests,  seem  to  prove  conclusive- 
ly that  the  deposit  is  pure  carbon,  but  a  peculiar  metallic  looking 
nlm  which  is  sometimes  found  spread  over  the  filament  has  been 


<^;, 
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by  some  considered  to  be  due  to  an  alloy  of  carbon  and  lead,  the 
lead  coming  from  the  glass  of  the  bulb.  It  has  not  yet  been 
proven  that  such  an  alloy  is  possible  under  the  conditions  present, 
and  the  layer  may  be  only  graphitic  carbon  mistaken  for  a  metal. 
And  again,  if  carbon  baked  or  flashed  at  a  lower  temperature 
shows  more  marked  deposits,  is  it  not  due  to  less  density  of 
structure,  giving  rise  to  greater  ease  of  volatilization  ?  The  evi- 
dence in  favor  of  the  blackening  being  due  to  simply  volatilization 
seems  quite  conclusive.  It  is  sustained  by  what  physics  teaches 
us  of  the  behavior  of  carbon  at  high  temperatures.  When  heated 
in  a  vacuum  it  does  not  soften,  because  like  NH4  CI  it  passes 
at  once  into  the  state  of  vapor,  but,  if  a  gas  imder  considerable 
pressure  be  present  to  prevent  the  flying  off  of  its  molecules, 
carbon  softens  and  becomes  waxy. 

Horizontal  filaments  do  bend  progressively,  often  touching  and 
breaking  the  glass,  and  if  a  filament  so  softens  and  becomes  like 
sealing  wax,  a  liquid  of  great  viscosity,  there  are  good  grounds 
for  believing  that  it  also  slowly  vaporizes.  Professor  Anthony 
proves  very  conclusively  that  the  presence  of  remanent  air  or  a  heavy 
gas  prevents  the  blackening;  but  he  attributes  its  action  wholly 
to  convection  currents.  It  this  were  the  case,  the  distribution  of 
the  deposited  layer  would  not  be  uniform,  for  it  is  the  nature  of 
such  currents  to  rise.  The  deposition  would  then  be  greater  on 
those  portions  of  the  bulb  first  impinged  upon,  since  the  gas  leav- 
ing the  filament  would  be  more  richly  charged  with  carbon  vapor. 

The  uniformity  of  the  deposit  is  so  general,  that  we  cannot 
assign  the  principal  cause  to  these  convection  currents.  Undoubt- 
edly convection  currents  do  exist,  but  they  are  a  minor  cause  of  the 
deposit,  and  it  seems  entirely  reasonable  to  suppose  that  diffusion, 
pure  and  simple,  of  carbon  vapor,  through  the  enclosed  gas,  is 
the  leading  factor.  This  diffusion,  in  lamps  having  a  high  vacu- 
um, mav  become,  to  a  great  extent,  a  Crooices  action.  In  such 
lamps  the  production  of  a  "  shadow  "  shows  that  the  freed  carbon 
molecules  are  not  often  deflected  from  a  straight  course.  But 
such  shadows  are  more  pronounced  in  the  neck  than  in  the  bulb 
of  the  lamp.  In  the  neck  the  Crookes  effect  does  occur,  but  in 
the  bulb  it  is  modified  into  diffusion. 

The  distincti(»n  between  diffusion  and  the  Crookes  effect  is 
simply  the  presence  in  the  one  case  of  deflecting  and  impeding 
molecules. 

In  the  type  of  lamps  in  which  certain  gases  are  purposely 
present,  it  would  seem  that  diffusion  chiefly,  and  convection  cur- 
rents to  a  less  extent,  were  the  means  by  which  the  carbon  reaches 
the  bulb.  This  view  weakens  the  convection-current  explanation 
of  the  permanence  of  the  filament  of  the  bromine  lamps. 

An  im  portant  action  of  these  heavy  vapors  has  been  entirely  over- 
looked. The  molecular  weight  of  the  carbon  atoms  is  but  12 
against  that  of  bromine,  which  is  80.  When  a  carbon  molecule, 
charged  to  incandescence  with  heat  energy,  comes  in  contact 
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with  the  colder  and  heavier  bromine  molecules  it  is  so  greatly 
cooled  by  the  interchange  of  energies  that  it  can  no  longer  exist 
in  the  state  of  a  vapor,  out  is  ledeposited  as  a  solid  on  the  fila- 
ment. The  heatea  bromine  molecules  rapidly  dissipate  their 
increased  energy  and  return  cooled  for  a  fresh  impact.  This 
view  is  supported  by  the  fact  that  carbon  volatilizes  in  a  vacuum, 
but,  when  under  gas  pressure,  simply  softens.  This  type  of  lamp 
is  capable  of  much  improvement,  for  but  little,  comparatively, 
has  been  done  in  this  direction.  The  tendency  would  be  to  search 
for  the  heaviest  possible  transparent  gas,  not  decomposed  by  high 
temperature,  and  to  use  it  under  relatively  high  pressure.  It 
would  be  queer  indeed  to  see  incandescent  lamps  pass  from  the 
vacuum  type  to  the  other  extreme  of  high  pressure  of  a  contained 
inert  gas.  Further,  the  contained  gas  should  be  without  effect 
on  the  filament.  That  the  iilament  in  the  bromine  lamps  is  short 
lived  seems  to  indicate  a  chemical  combination  with  the  carbon 
at  a  high  temperatures. 

Further  discussion  was  carried  on  by  B.  J.  Arnold,  Ludwig 
Gutmann,  Mr.  Kammer,  and  others. 

Professor  Jackson  then  answered  a  number  of  questions,  and 
closed  the  discussion  on  behalf  of  the  author,  with  the  follow- 
ing remarks : 

Prof.  Duoald  C.  Jackson  : — We  have  here  a  remarkable  paper 
with  which  to  inaugurate  the  meetings  of  this  section  of  the  Insti- 
tute, and  I  am  most  happy  to  have  been  designated  by  Professor 
Anthony  as  his  representative,  and  to  have  received  your  invita- 
tion to  read  the  paper  before  you.  The  conclusions  of  this  paper 
clear  up  in  a  straight-forward  scientific  manner  several  of  the 
mysteries  of  the  incandescent  lamp.  Some  of  the  conclusions 
may  not  be  fully  borne  out,  hut  the  discussion  shows  them  to  be 
correct  in  the  main. 

There  are  a  few  points  in  the  discussion  of  Mr.  F.  E.  Jackson 
(the  other  Mr.  Jackson)  which  deserve  much  fuller  consideration 
than  we  can  give  them  at  this  late  hour.  Mr.  Jackson  has  shown 
us  some  life  and  efficiency  curves  of  Edison  lamps  which  evidence 
the  wonderful  perfection  of  the  incandescent  lamp  filaments  now 
manufactured  by  the  General  Electric  ('o.  I  think  we  owe  Mr. 
Jackson  our  most  cordial  thanks  for  traveling  all  the  way  from 
Harrison,  N.  J.,  to  Chicago  to  show  us  the  curves.  The  evidence 
presented,  however,  does  not  prove  that  these  filaments  give  as 
good  results  in  vacuum  lamps  as  might  be  obtained  from  them 
in  bromine  gas  lamps.  The  curves  which  Mr.  Jackson  presents 
as  representing  Novak  lamps  no  doubt  correctly  re|Mesent  the 
lamps  tested,  but  my  ol>servation  shows  that  there  is  likely  to  be 
considerable  irregularity  in  the  lamps  produced  in  the  small- 
er factories.  This  is  a  result  which  may  be  expected,  on  account 
of  the  refinement  required  in  the  manufacture  of  filaments.  My 
observation  shows  that  the  gas  lamps  (  Novak  lamps),  in  the  main, 
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retain  their  brilliancy  throughout  their  life  more  satisfactorily 
than  do  vacuum  lamps  on  the  same  circuits.  On  the  other  hand 
a  few  of  the  Novas  lamps  perform  more  poorly  than  their 
vacuum  brethren. 

There  is  indeed  a  weakness  in  Table  III,  as  pointed  out,  but 
eliminating  that  weakness  does  not,  I  think,  vitiate  Professor 
Anthony's  conclusions.  Neither  does  the  fact  that  a  carbon 
shadow  is  sometimes  found.  The  shadow  is  sometimes  very  well 
marked  in  the  carbon  coating.  This  simply  shows  that  the  carbon 
molecules  which  leave  one  leg  of  the  filament  and  are  deposited  on 
the  opposite  side  of  the  bulb,  do  not  come  into  collision  with  other 
molecules  sufficiently  often  to  be  swerved  materially  from  straight 
paths.  The  part  of  tlie  bulb  which  is  in  the  plane  of  the  filament 
18  therefore  partially  shaded  from  the  "  molecular  shower "  by 
the  filament  itself.  Upon  the  explanation  offered  in  the  paper, 
the  shadow  in  the  carbon  deposit  can  only  occur  in  lamps  with  a 
very  high  vacuum,  which  agrees  with  the  statement  made  by 
Mr.  F.  E.  Jackson.  The  argument  that  the  carbon  deposit  is 
made  by  molecular  deposition  is  strengthened  by  the  fact  that 
the  deposit  cannot  be  analyzed  under  a  very  powerful  micro- 
scope. That  is,  the  deposit  seems  to  be  perfectly  smooth  or  homo- 
geneous when  viewed  under  the  microscope. 

At  the  close  of  the  discussion  of  the  paper,  a  vote  of  thanks 
was  tendered  to  Mr.  Hibbard,  as  the  representative  of  the  Chi- 
cago Telephone  Company,  and  to  Mr.  Hall,  as  the  representative 
of  the  American  Telephone  and  Telegraph  Company,  for  the 
use  of  the  telephone  lines,  and  also  to  l^rofessor  D.  C.  Jackson 
and  to  Mr.  F.  E.  Jackson  for  their  interest  in  coming  such  long 
distances  to  attend  the  meeting.  Professor  Stine  and  the  Armour 
Institute,  which  had  placed  such  admirable  facilities  at  the  dispo- 
sition of  the  local  meeting,  also  came  in  for  a  very  hearty  vote 
of  thanks  for  their  hospitality. 

It  was  stated  by  Professor  Stine  that  the  electrical  and  scien- 
tific journals  containing  the  articles  to  which  reference  had  been 
made  by  Professor  Anthony  in  his  paper,  were  upon  the  desk 
for  consultation  by  any  who  wished  to  refer  to  them. 

Professor  Stine,  B.  J.  Arnold  and  Edward  Caldwell  were  ap- 
pointed a  committee  to  devise  means  to  pay  local  expenses  and 
to  arrange  from  time  to  time  for  the  holding  of  meetings. 

The  meeting  then  adjourned. 
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New  York,  April  18,  1894. 

Tlie  eighty-sixth  meeting  of  the  Institute  was  held  this  date 
at  12  West  31st  street,  and  was  called  to  order  at  8  p.  m.  by  Pres- 
ident Houston. 

The  Secretary  read  the  minutes  of  the  last  meeting  which  were 
approved. 

The  Secretary  read  tlie  following  list  of  associate  members 
elected  and  transferred  at  the  Council  meeting  in  the  afternoon : 


Name. 

Best,  A.  T. 


Carus-Wilson,  Charles  A 
CoLviN,  Frank  R., 
George,  John  C, 
Gerry,  James  H., 
Gladstone,  James  Wm., 
HoBART,  Henry  M. 
Hood,  Ralph  O., 
Hubbard,  William  C, 
Ingold,  Eugene, 


Address. 
Electrical  Engineer, 

Hotel  Ponce  de  Leon, 

St.  Augustine,  Fla. 
,  Professor  of  Electrical  Engineer- 
ing,   McGill   University,    Mon- 
treal. P.  Q. 
Treasurer  and  Business  Manager, 
The  Electrical   Engineer^    203 
Broadway,  New  York  City. 
President,  Raleigh  Electric  Street 
Railway     Co.,     Marine     Bank 
Bldg.,  Baltimore,  Md 
Superintendent,  The  Self-Winding 
Clock  Co.,  163  Grand  Ave. 


Endorsed  by. 

W.  G.  Whitmore. 

Chas.  D.  Shain. 

Aug.  NoU. 

T.  C.  Martin. 

Joseph  Wetzler. 

L.  Stieringer. 

James  Hamblet. 

Geo.  M.  Phelps. 

A.  £.  Kennelly. 

Louis  Duncan. 

Samuel  Reber. 

S.  W.  Huff. 

Edward  Durante 

James  Hamblet. 


Geo.  A.  Hamilton. 
Manager,  Edison  Mfg.  Co.,  West         T   A.  Edison. 
Orange,  N.  J.  A.  E.  Kennelly. 

Edwin  J.  Houston. 

Engineer,  General  Electric  Co. ,      Ralph  W.  Pope. 

Schenectady,  N.  Y,  F.  W.  Tischendocrfer. 

C.  P.  Steinmetz. 

Electrical  Engineer  with  General     A.  E.  Kennelly. 

Electric  Co.,   180  Summer  St.,      Elihu  Thomson. 

Boston,  Mass.  Caryl  D.  Haskins. 

Electrician,    Royal   Arc    Electric     Louis  B.  Marks. 

Co.,  143  Liberty  St.,  New  York        E.  T.  Birdsall. 

City.  Chas.  D.  Shain. 

Consulting  Engineer  and  Expert,  T.  C.  Martin. 

Pittsburgh,  Pa.  A.  L.  Rohrcr. 

J.  R.  Lovejoy. 
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Keeper,  Edwin  S., 
Macloskir,  Chas.  H., 
Neiler,  Samuel  G., 
Proctor,  Thos.  L., 
Searles,  a.  L.,  . 
Toerring,  C.  J.,  Jr., 
Wiley,  Walter  S., 
Total  17. 


Supt.  of  Electric  Light  Construc- 
tion, Western  Electric  Co.,  22 
Thames  St.,  New  York  City.     J 

Engineer,  with  B.  J.  Arnold,  436 
The  Rookery,  Chicago.  111. 

Ass't.   Electrical   Engineer,    The 

World's  Columbian  Exposition, 

4318  Berkley  Ave..  Chicago,  111. 
General  Manager,  Riker  Electric 

Motor  Co  ,    Newtown,    L.    I., 

N.  Y. 
Engineering    Dept.,    The   Royal 

Arc  Electric  Co.,  73  Watt  St., 

New  York  City. 
Electrician,     Royal   Arc  Electric 

Co.,  143  Liberty  St.,  New  York 

City. 
Supt.     South     Omaha     Electric 

Light  Co.,  South  Omaha,  Neb. 


G.  A.  Hamilton. 

Ralph  W.  Pope. 

Stanford  Brown. 

B.  J.  Arnold 

Fred.  DeLand. 

Lemuel  S.  Boggs. 

R.  H.  Pierce. 

Lemuel  S.  Boggs. 

Fred.  DeLand. 

Philip  Mauro. 

Joseph  Wetzler. 

Andrew  L.  Kiker. 

Chas.  D.  Shain. 

E.  T.  Birdsall. 

Louis  B.  Marks. 

Louis  B.  Marks. 

Franklin  L.  Pope. 

Edw.  L.  Nichols. 

W.  F.  White. 

Harris  J.  Ryan. 

•  D.  C.  Jackson. 


TRANSFERRED  FROM    ASSOCIATE  TO  FULL  MEMBERSHIP. 


Approved  by  Board  of  Examiners,  December  7th,  1893. 

Greene,  S.  Dana  Assistant  General   Manager,   General   Electric  Co., 

Schenectady,  N.  Y. 
Eickemsyer,  Rudolf  President  Eickemeyer  and  Osterheld  Manufacturing 

Co.,  Yonkcrs,  N.  Y. 


Approved  by  Board  of  Examiners,  March  20th,  1894. 

Morrow,  John  Thomas  Supt.  Electrolytic  Plant,  Boston  and  Montana  Con- 
solidated Copper  and  Silver  Mining  Co.,  Great 
Falls,  Mont. 

Johnston,  A.  Langstaff  Consulting  Engineer,  Hestonville,  Mantua  and  Fair- 
mount  Passenger  R.  R.  Co.,  4300  Lancaster  Ave., 
Philadelphia,  Pa. 

Crandall,  Joseph  Edwin    Electrician,  C.  &  P.  Telephone  Co.,  619  Fourteenth 

St.,  N.  W.  Washington,  D.  C. 

Total  5. 


The  followins:  applicatione  for  associate  membersliip  liave  been 
received  and  will  be  acted  upon  at  the  meeting  of  Council,  June 
20th,  1894. 

A.  L.  Croxton,  San  Francisco  :  L.  6.  Lillev,  Wyoming.  0.;  Maurice  Oudin, 
Sehenectadv  ;  Prank  H.  Knox,  Baltimore  ;  f  aiil  A.  N.  Winand,  Philadelphia; 
Frank  W.  ftrady,  Wellsburg,  W.  Va.;  Geo.  IT.  Harris,  Birmingham,  Ala.; 
Frederick  L.  Hutchinson,  Elizabeth  ;  Edwin  H.  Bennett.  Jr.,  Bayonne  ;  Her- 
bert Lloyd,  Philadelphia;  John  E.  Crigcral,  Springfield,  Mass.:  Albert  Scheible, 
Chicago;  John  B.  Blood,  Schenectady  ;  Arthur  E.  Childs,  Philadelphia; 
George  StepheDt?,  Peterborough,  Ont. ;  Jas.  P.  Malia,  Chicago  ;  H.  C.  Eddy, 
Chicago  ;  Philip  G.  Gossler,  Brooklyn  ;  Wm.  K.  Archbold,  Boston  ;  Jos.  C. 
Mayrhofer,  New  York  ;  C.  C,  Chesney,  Pittsfield,  Mass. ;  F.  C.  Caldwell, 
Columbus;  Joel  W.  Stearns,  Jr.,  Denver;  George  S.  Bliss,  Pittsburg.   Total  24. 

Any  objection  to  the  election  of  these  candidates  should  be 
tiled  with  the  Secretary  before  that  date. 
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The  President: — Have  you  anv  otlier  communication  to 
make,  Mr.  Secretary  t 

The  Secretary  : — I  have  the  sad  announcement  to  make,  Mr. 
President,  of  the  death  of  one  of  our  esteemed  members,  Dr. 
Franz  Schulze-Berge,  wlio  is  well  known  to  the  profession,  and 
who  died  on  the  2l8t  of  March,  in  Brooklyn,  N.  Y.  A  suitable 
obituary  notice  has  been  handed  in,  and  will  be  printed  in  the 
Transactions.  * 

The  President  : — There  is  a  communication  here  from  the 
Committee  on  Tnits  and  Standards,  which  I  will  ask  the  Secre- 
tary to  read. 

The  Secretary  : — This  recommendation  of  the  Committee 
on  Units  and  Standards  is  based  on  a  letter  from  T.  C.  Menden- 
hall,  Superintendent  United  States  (.oast  and  (xeodetic  Survey, 
Washin^on,  I).  C,  in  which  he  requests  the  support  of  the 
Institute. 

New  York,  April  18th,  1894. 
To  the  Pi-esident  and  Council. 

Amekk  AN  Institute  of  Electrical  Engineers. 

Gentlemen  : — Your  committee  on  Units  and  Standards  X)^^  to  recommend 
that  a  resolution  be  forwanled  to  Congress  from  the  Institute  urging  the  pas- 
sage of  the  bill  legalizing  the  electrical  units  adopted  by  the  Chicago  Congress. 

F.  B.  Crocker,        Geo.  A.  Hamilton, 

\V.  D.  Weaver,        A.  E.  Kennelly, 

William  E.  Geyer. 

The  President  : — Geutlemen,  you  have  heard  the  communi- 
cation from  tlie  (Committee  on  Units  and  Standards  i  What  is 
your  wish  i  What  disposition  of  the  case  will  you  make  ?  Will 
you  take  action  on  it  now  'i 

Mr.  Townsend  Wolcott  : — I  would  like  to  ask  about  the 
question  of  jurisdiction — if  that  is  a  proper  thing  for  our  society 
to  do.  I  think  it  is  a  very  desirable  thing  to  do,  and  if  it  is  also 
proper  I  should  be  in  favor  of  it. 

The  President  : — The  Chair  does  not  quite  understand. 

Mr.  Wolcott  : — Are  we  authorized  to  do  such  a  thing  (  Is 
the  American  Institute  of  Electrical  Engineers  authorized 
to  do  such  a  thing  i 

The  President  : — I  suppose  it  is  competent  for  the  American 
Institute  of  Electrical  Engineers  to  do  wdiat  they  may  see  lit 
in  the  premises.  Of  course,  all  they  could  do  would  be  to  make 
a  recommendation. 

Secretary  Pope  : — I  think  this  communication  from  the 
chairman  of  the  committee  will  thrown  a  little  light  on  it. 

The  President  : — The  Secretary  will  please  read  the  letter 
directed  by  the  committee  to  the  President. 

The  Secretary  read  the  following  letter : 

New  York,  April  18th,  1894. 
Professor  Edwin  J.  Houston, 
President. 
Sir  : — Our  committee  has  signed  the  ap|)ended  rough  draft  of  a  recommenda- 
tion to  (\mncil.  which  can  be  considered  at  the  next  Council  meeting.     In   the 
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meantime,  however,  in  case  of  ureency  arising,  we  suggest  that  the  sense  of  the 
meeting  be  taken  informally.  This  might  also  serve  as  a  notice  that  formal  ac- 
tion will  be  taken  at  the  next  (annual)  meeting  of  the  Institute. 

Yours  respectfully, 

A.  E.  Kenxelly. 

The  President  : — If  Mr.  Hamilton  or  Mr.  Crocker,  or  any 
other  member  of  the  committee  would  like  to  say  anything 
about  this  matter,  the  Chair  would  be  pleased  to  extend  the 
courtesy  of  the  floor  to  them. 

Prof.  Francis  B.  Crocker  : — The  desirability  of  doing  some 
thing  of  this  sort  is  unquestionable,  I  think.  But  as  to  its  fonn- 
ality,  possibly,  some  doubt  might  arise.  Therefore,  to  avoid  the 
latter  question  the  committee  suggests  that  the  sense  of  the 
meeting  be  taken — to  which,  of  course,  there  can  be  no  objec- 
tion— ^and  that  formal  action  could  be  delayed  until  the  next 
meeting  of  tlie  Institute,  which  will  be  the  annual  meeting,  and 
which  would  certainly  be  proper  time  to  take  formal  action. 
This  statement  will  also  serve  as  a  notice  that  such  formal  action 
will  then  be  taken.  In  the  meantime  the  bill  might  come  up  in 
Congress,  and  it  would  be  well  if  the  oflicers  oi  the  Institute 
could  use  the  fact  that  the  sense  of  the  meeting  had  been  taken 
at  a  regular  meeting. 

The  President  : — I  see  Mr.  Hamilton  and  Professor  Geyer ; 
do  they  wish  to  add  anything  to  what  Professor  Crocker  has 
said? 

Mr.  George  A.  Hamilton  : — I  think  what  Professor  Crocker 
has  gaid  covers  the  ground  very  thoroughly. 

The  President  : — Professor  Geyer. 

Dr.  William  E.  Geyer  : — Of  course,  anything  that  we  may 
do  will  not  bind  anybody,  and  as  Professor  Crocker  has  said,  the 
idea  is  to  find  out  whether  the  Institute  would  approve  of  such 
action. 

The  President  : — Does  Mr.  Weaver  wish  to  add  anything  ? 
Does  Mr.  Kennelly  ? 

Mr.  a.  E.  Kennelly  : — I  have  not  anything  to  add  to  the  re- 
marks made  by  Professor  Crocker. 

The  President  : — Does  any  other  member  of  the  Institute 
wish  to  speak  on  this  matter?  If  not,  what  action  will  the  In- 
stitute take  on  the  recommendation  ? 

Prof.  Crocker  : — I  move  that  it  is  the  sense  of  this  meeting 
that  the  passage  of  the  bill  legalizing  the  electrical  units  adopted 
at  the  Chicago  Electrical  Congress  of  1893,  be  recommended. 

Mr.  George  M.  Phelps  : — Mr.  Chairman,  if  you  will  permit 
me,  I  will  suggest  a  slight  addition,  to  make  the  action  possibly 
stronger ;  and  that  is,  that  this  meeting  recommend  to  the  general 
and  annual  meeting  of  the  Institute  to  be  held  hi  May,  a  more 
formal  endorsement  and  recommendation  of  the  measure.  I 
offer  this  because  one  or  two  speakers  suggested  that  this  meet- 
ing give  its  sense  on  this  subject,  and  that  Sie  general  meeting  in 
May  might  take  a  more  formal  action. 
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Prof.  Crocker  : — I  accept  that  amendment. 

The  President  : — Gentlemen,  it  is  moved  and  seconded,  as 
you  have  heard.     Are  you  ready  for  the  question  i 

[The  motion  was  put  and  carried.] 

The  President  : — I  take  great  pleasure  now  in  introducing  to 
you  Mr.  1.  H.  Farnham,  of  Boston,  who  will  read  a  paper  on 
the  Destructive  Effect  of  Electrical  Currents  on  Subterranean 
Metal  Pipes. 

Mr.  Farnham  : — I  have  had  the  honor  and  pleasure  of  being 
a  member  of  this  society  for  some  time,  though  have  never  at- 
tended but  one  of  your  meetings,  so  I  feel  almost  like  a  stranger ; 
I  hardly  know  what  your  customary  methods  are.  Perhaps,  as 
the   paper   is    printed,  a  synopsis  is  all  that  you  usually  have 

S resented  here.  It  has  occurred  to  me  that  as  we  need  the  room 
arkened  in  order  to  see  the  lantern  diagrams,  which  renders  it 
impossible  for  you  to  read  the  paper  as  it  is  presented  ;  perhaps, 
it  will  be  as  well  for  me  to  keep  pretty  close  to  the  printed 
paper,  and  this  I  will  attempt  to  do. 

The  subject  before  us  jias  frequently  been  discussed  and  some- 
times it  has  been  very  poorly  presented.  I  will  give  you  one 
example.  There  was  a  meeting  of  engineers  in  a  city — no  matter 
what  city — a  few  months  ago,  and  as  this  subject  of  electrolysis 
was  to  lie  talked  about  I  was  invited  to  be  present.  A  com- 
mittee was  to  report  upon  the  matter.  The  committee  had  been 
in  existence  for  a  year,  and  the  three  members  of  it  each 
made  a  separate  report.  The  first  one  had  found  some  gas 
pipes  in  months  gone  by,  which  he  believed,  had  been  destroyed 
by  electrolysis,  but  of  late  he  was  not  so  sure  about  it.  He 
thought  that  there  might  be  some  doubt  as  to  whether  electrol- 
sis  was  really  doing  any  damage  in  that  city.  The  next  mem- 
ler  of  the  committee  related  the  fact,  that  in  his  city  they  had 
connected  an  incandescent  lamp  from  the  gas  pipe  to  the  water 

{ripe  in  a  cellar,  and  tlie  current  which  flowed  there  lighted  the 
amp.  The  last  one,  whose  remarks  were  really  the  most  inter- 
esting, came  forward  with  a  specimen  pipe  in  his  hand  and  said, 
"  I  liave  something  to  show  you,  electrolysis  materialized." 
He  knew  it  was  a  case  of  electrolysis,  because  he  saw  it  take 
place.  He  said  that  a  trolley  wire  broke,  and  it  swish-swashed 
sometime  through  the  air,  and  finally  struck  a  gas  post,  and  in 
striking  the  gas  post  it  produced  "  tins  hole  in  the  pipe,"  which 
he  showed.  I  don't  know  whether  that  is  a  sample  of  all  these 
meetings  and  papers,  but  that  is  one  at  which  I  happened  to  be 
present.  If,  now,  I  am  able  to  give  you  a  little  outline  of  the 
work  we  have  accomplished  in  this  field  it  may  form  a  sufficient 
basis  for  your  discussion. 

Mr.  Farnham  then  read  the  following  paper : 
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A  faptr  prtsenttd  at  the  Sbth  Meeting  of  the 
American  Inetitute  of  Electrical  Engineers^ 
New  York^  April  t8th.  President  Houston  in 
the  Chair,  ami  at  Chicago,  April  ^th,  /<^, 
Lieut.  Samuel  Rodman, /r.  in  the  Chair. 


DESTRUCTIVE  EFFECT  OF  ELECTRICAL  CURRENTS 
ON  SUBTERRANEAN  METAL  PIPES. 


BY    ISAIAH    H.    FARNHAM. 


For  the  past  year  or  more,  there  have  been  read  before  water,  gas 
and  electrical  engineering  societies  all  over  this  country,  papers 
on  the  subject  of  electrolytic  corrosion  of  water  pipes,  gas  pipes 
and  lead  cables.  In  fact,  a  meeting  of  such  societies  is  incom- 
plete to-day  without  some  discussion  on  this  subject.  It  was, 
therefore,  with  hesitation  and  misgivings,  that  I  considered  the 
written  invitation  from  the  oflScers  of  the  Institute,  to  prepare  a 
paper  on  the  "  Electrolytic  effect  of  currents  on  subterranean  gas 
and  water  pipes."  A  prominent  oflSeer  of  the  Institute  urged 
that  as  I  was  undoubtedly  the  first  to  discover  and  satisfactorily 
prove  that  this  action  was  destroying  cables,  I  ought  to  give  the 
society  an  account  of  my  investigations  and  the  results.  On  this 
suggestion,  the  promise  was  made  to  lay  before  you  such  facts  as 
opportunity  would  allow.  If  suflBcient  data  may  be  presented  to 
form  a  nucleus  for  the  evening's  discussion,  it  will,  I  am  sure,  be 
of  some  practical  value. 

Early  in  the  summer  of  1891,  some  lead-covered  telephone 
cable  removed  from  wooden  ducts  in  Boston,  showed  very 
marked  yet  local  spots  of  corrosion.  The  cause  of  the  corrosion 
was  generally  attributed  to  acetic  acid  contained  in  the  wooden 
conduit,  which  had,  years  before,  caused  corrosion  on  a  few  cables 
in  certain  sections  of  the  city.  In  the  case  just  mentioned,  the 
corrosion  was  so  severe,  and  located  in  spots  only,  that  it  led  me 
to  attribute  the  cause  to  electrolytic  action  from  the  railway  cur- 
rents, and  a  letter  was  written  to  my  company  to  that  effect. 

A  few  months  later,  the  lead  covering  of  a  cable,  ( No.  208  ) 
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resting  upon  the  ground  in  manhole  chamber  No.  76,  located  at 
the  comer  of  Berkeley  and  Newbury  streets,  was  found  eaten 
entirely  through  at  the  point  of  contact  with  the  earth.  I  then 
felt  certain  the  cable  had  been  destroyed  by  the  action  of  the  cur- 
rent. With  Mr.  W.  I.  Towne,  my  assistant,  I  proceeded  to 
prove  the  theory. 

We  took  measurements  between  the  cable  and  the  earth,  the  cable 
having  been  repaired  and  raised  from  the  ground,  and  found  1.5 
to  2  volts  diflferenceof  potential,  the  cable  being  positive  to  the 


earth.  A  barrel  of  earth  was  procured  from  an  excavation  in  the 
street,  a  metal  plate  placed  beneath  the  earth  in  the  barrel,  and 
two  short  pieces  of  lead  cable  placed  side  by  side  on  top  of  the 
earth.  The  plate  in  the  bottom  of  the  barrel  was  then  connected 
to  the  negative  side  of  a  storage  battery  giving  4  volts  potential, 
and  one  piece  of  the  cable  lying  on  the  earth,  was  connected  with 
the  positive  pole  of  the  storage  battery.  The  second  piece  of 
cable  in  the  barrel  was  left  without  electrical  connections.  The 
earth  was  then  saturated  with  water,  and  the  circuit  was  closed, 
allowing  the  current  to  pass  from  battery  to  cable,  to  earth,  to  plate 
and  to  battery,  for  seven  consecutive  days.  The  pieces  of  cable  were 
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then  examined,  afid  the  piece  which  had  been  connected  with  the 
battery  fonnd  badly  pitted,  closely  resembling  the  cable  which 
had  been  destroyed,  while  the  second  piece  of  cable  showed  no 
corrosion  whatever,  proving  conclusively  that  a  current  such  as 
was  found  in  the  manhole,  was  sufficient  to  cause  the  damage 
that  had  been  found,  and  that  the  corrosion  was  not,  (in  the  case 
of  the  experiment  at  least),  due  to  any  acid  or  salts  in  the  earth. 
Fig.  1  shows  the  barrel  experiment,  and  Fig.  2  is  a  photo- 
graph of  the  cable  No.  208,  which  has  been  described  as  found 
resting  on  the  earth  in  the  manhole  chamber  and  corroded 
through  ;  also  the  pieces  experimented  upon  in  the  barrel.    That 


Fig.  2. 


shown  in  the  center  of  the  photograph  is  cable  No.  208. 

In  addition  to  the  experiment  just  mentioned,  we  placed  in 
the  bottom  of  manhole  chamber  No.  76,  two  short  pieces  of  cable, 
one  of  which  we  connected  by  a  wire  to  cable  No.  208,  which 
had  been  damaged  by  electrolysis.  (It  should  be  understood  that 
the  damaged  cable  had  been  repaired,  and  removed  from  the  bot- 
tom of  the  chamber.)  Fig.  3  shows  the  arrangement  of  this  ex- 
periment. At  the  end  of  six  weeks,  the  pieces  of  cable  were  re- 
moved and  examined.  The  one  which  had  been  connected  with 
cable  No.  208,  was  deeply  pitted,^  while  the  other  piece  was 
free  from  corrosion,  as  shown  in  Fig.  4,  which  is  from  a  photo- 
graph of  them. 

1.    The  plumbers  of  Omaha,  Neb.  apply  the  name  of  *•  small-pox  pipe"  to 
that  pitted  by  electrolysis. 
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These  experiments,  with  several  others  of  minor  importance, 
satisfied  all  who  were  interested,  that  electrolytic  action  was 
destroying  cables,  and  probably  gas  and  water  pipes. 

It  next  became  necessary  to  prove  to  the  electrician  of  the 
railway  company,  that  the  current  causing  electrolysis,  was  from 
the  railway  system,  and  not  from  a  leak  in  the  Edison  or  some 
other  electric  lighting  system. 

Measurements  were  made  between  the  cables  in  all  manholes, 
and  the  earth  near  the  cables,  for  voltage  and  direction  of  current. 
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Fig.  3. 


It  was  found  that  within  a  radius  of  about  2000  feet  from  the 
Albany  street  power-house,  cables  were  negative  to  the  earth, 
ranging  from  zero  to  2  volts,  and  that  outside  of  this  neutral  line, 
they  were  positive  to  the  earth  from  zero  to  12  volts.  This  con- 
dition prevailed  until  a  point  was  reached  near  the  East  Cam- 
bridge power-house,  when  they  again  passed  a  neutral  line  and 
became  more  and  more  negative  as  that  power-house  was  ap- 
proached. The  same  conditions  were  found  as  the  AUston  rail- 
way power-house  was  approached.     On  obtaining  sufficient  data, 
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maps  were  drawn,  showing  voltage  between  cables  and  earth 
throTighoat  all  sections  of  the  city.  This  is  shown  in  map, 
Fig.  5. 

In  addition  to  the  figures  placed  beside  the  several  routes  of 
cable  conduits,  showing  the  direction  of  current  and  its  pressure, 
we  have  colored  red*  such  portion  of  the  map  where  at  that  time 
we  found  the  cables  positive  to  the  earth.  We  may  call  the  red 
portion  of  the  map,  the  danger  territory.  These  potential  meas- 
urements, though  taken  for  other  purposes,  incidentally  furnished 
all  the  proof  needed  to  convince  one  that  the  railway  power  was 
the  source  of  the  troublesome  currents. 

At  the  time  the  map  was  made,  and  previously,  the  railway  was 
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operating  with  the  negative  pole  of  the  dynamo  to  the  trolley, 
the  positive  side  being  to  the  rails. 

Fig.  6  is  intended  to  illustrate  this  condition.  It  shows  the 
passage  of  current  from  the  dynamo  to  the  rails,  and  the  passage  of 
a  portion  of  the  current  from  the  rails  to  the  cables  within  the 
neutral  or  zero  line,  and  from  cables  to  rails  outside  of  this  zero  line. 
The  danger  of  electrolysis  is  only  where  the.  current  is  leaving 
the  cable  or  pipe  through  the  moist  earth,  hence  the  dangerous 
district  was  at  this  time  outside  of  the  zero,  or  neutral  line,  as 
shown  both  on  the  map  ( Fig.  5 )  and  in  this  Fig.  6. 

Having  outlined  our  early  experience  in  running  down  this 
new  trouble,  we  will  next  mention  some  of  the  proposed  and  ap- 
plied remedies.     Several  conferences  were  held  for  the  purpose 
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Fig.  5. — Showing  where  corrosion  was  going  on  when  first  brought  to  notice. 
The  shaded  portions  of  the  map  are  referred  to  in  the  paper  as  colored  red. 
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of  suggesting  and  discussing  means  for  preventing  the  destruction 
of  the  cables,  at  which  the  oflScers  and  experts  of  both  the  rail- 
way and  telephone  companies  were  present,  and  it  should  be  said, 
that  the  railway  company  in  Boston  has  shown  a  disposition  to 
adopt  any  promising  plan  for  overcoming  the  evil,  pave,  perhaps, 
the  abandonment  of  the  rails  and  earth  as  a  part  of  the  circuit. 

First :  It  was  proposed  to  remove  all  cables  from  the  wet  bot- 
tom and  sides  of  the  so-called  manholes.  It  was  found  very 
difficult  to  place  and  retain  cables  free  from  the  wet  sides,  and 
even  could  this  have  been  accomplished,  the  action  at  the  mouth 
of  the  ducts  and  within  them,  would  still  have  continued.  They 
were,  however,  all  removed  from  the  bottom  of  the  manholes. 

Second:  It  was  suggested  that  the  cables  might  be  (Connected 
to  ground  plates  in  the  manholes,  and  so  transfer  the  electrolytic 
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action  to  these  plates,  and  thus  save  the  cables.  This  experiment 
was  tried  on  an  extended  scale,  but  though  many  ground  plates 
having  a  surface  of  several  square  feet  each,  were  connected  with 
the  cables  over  a  large  portion  of  the  city,  it  was  found  that  volt- 
meter readings  taken  between  the  cables  and  a  point  on  the  earth 
a  short  distance  removed  from  the  ground  plate  in  any  manhole, 
gave  nearly  the  same  pressure  as  l>efore  the  ground  plates  were 
connected. 

In  some  cases,  the  voltage  between  the  cables  and  the  earth  wa« 
reduced  25% ;  in  many  others,  no  noticeable  reduction  was  made. 
The  ground  plates  were  constructed  from  pieces  of  old  lead  cable, 
6  to  10  feet  in  length  and  embedded  in  the  wet  earth  at  the  bottom 
of  the  manholes.  It  was  evident  from  this  test,  that  ordinary 
ground  plates  would  not  prove  of  material  advantage  for  protect- 
ing the  cables. 
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Third  :  Prof.  Elihu  Thomson  suggested,  among  other  possible 
remedies,  the  placing  of  motor  generators  at  different  points 
along  the  railway  line,  wherever  the  cables  and  pipes  are  found 
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to  be  in  danger,  the  motor  generators  to  be  operated  by  the  rail- 
way power  current;  the  secondary  cumnt  developed  by  these 
generators  to  be  utilized  to  lower  the  potential  in  the  cables  and 
pipes  to  zero,  with  respect  to  the  surrounding  earth  or  rails.  The 
suggestion  included  means  for  automatically  starting  and  stop- 
ping the  generators,  as  cables  might  become  positive  or  negative 
to  the  rails.  The  motor  generators  would,  so  to  speak,  pump 
the  current  out  of  the  cables,  and  force  it  into  the  rails  whenever 
the  potential  of  the  former  should  rise  above  zero.  Fig.  7  illus- 
trates this  suggestion.  This  plan  has  not  yet  been  put  into 
operation  so  far  as  I  am  aware. 

Fourth :  Insulating  the  cables  and  pipes  from  the  earth  was 
proposed.  As  some  of  the  worst  cases  of  corrosion  of  cables  by 
electrolysis  occurred  where  they  were  painted    with    asphalt. 


Fig.  8. 


taped,  painted  again,  and  finally  covered  again  with  a  heavy 
braiding  also  saturated  with  asphalt,  it  was  apparent  that  to  insu- 
late cables  sufficiently  to  protect  them,  would  be  difficult  and 
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expensive,  if  indeed  practically  possible.  Figures  8  and  9  show 
specimens  of  corrosion  of  cables  which  had  been  treated  with 
asphalt,  tape  and  braiding.  To  protect  water  and  gas  pipes  by  a 
sufficient  insulating  jacket  was  seen  at  once  to  be  impracticable. 
Fifth :  Breaking  the  metallic  continuity  of  the  cable  sheath 
and  pipes  was  proposed.  From  the  fact  that  severe  action  is 
frequently  found  in  comparatively  isolated  spots,  where  cables 
and  pipes  cross  each  other,  or  pass  near  or  across  the  rails,  it  fol- 
lows that  any  system  of  breaking  the  metallic  continuity,  would 
have  to  be  studied  with  reference  to  the  entire  complicated  sys- 
tem of  pipes,  cables  and  rails  ramifying  through  the  streets 
of  a  city.  There  would  also  be  a  diflference  of  potential  between 
the  several  sections  of  cable  or  pipe,  severed  metallically,  tending 
to  cause  electrolysis  at  one  end  of  each  section,  as  illustrated  in 


Fig.  9. 

Fig.  10.  In  case  of  water  pipes,  treated  in  this  manner,  the  ac- 
tion might  be  expected  on  the  interior  as  well  as  on  the  exterior. 

There  appears  to  be  some  evidence  of  such  an  action  as  this 
in  gas  and  water  pipes  where  the  electrical  continuity  is  partially 
broken  by  leaded  joints.  Fig  11  shows  an  iron  service  pipe 
from  the  Cambridge  gas  system.  It  will  be  noticed  that  the 
action  is  most  severe  at  points  immediately  on  either  side  of  the 
coupling.  The  reason  the  corrosion  appears  on  both  sides  of  the 
coupling  in  this  case  is  not  clear ;  it  may  be  due  to  reversal  of 
current  on  the  railway  system.  We  have  observed  other  speci- 
mens similar  to  this,  which  may  tend  to  show  that  for  currents 
of  low  pressure,  the  resistance  of  joints  materially  aflfects  the 
results.  I  will  again  refer  to  this  question  in  connection  with 
potential  differences  in  water  mains. 

Sixth :  My  assistant,  Mr.  Towne,  suggested  that  the  railway 
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current  might  be  so  frequently  alternated,  as  possibly  to  prevent 
serious  action  on  the  pipes  and  cables.  The  theory  was,  that  be- 
fore the  oxygen  gas,  liberated  by  the  current,  should  have  time 


"mi^    m^^ 
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to  attack  the  metal,  the  reversal  of  the  current  would  disperse  it. 
A  careful  experiment  was  conducted,  extending  over  a  period 
of  ten  days,  employing  a  pressure  of  current  of  from  three  to 
seven  volts,  and  alternating  its  direction  at  regular  periods  of  one 
minute,  by  specially  devised  apparatus.  No  material  change  had 
taken  place  in  either  plate  during  this  period  of  time.  We  then 
considered  the  practicability  of  reversing  the  railway  current 
frequently.  It  seemed  possible  to  reverse  it  once  each  5^4  hours, 
at  a  given  time  in  the  night  when  the  load  is  comparatively 
light.     To  do  this  in  a  large  system  involving  several  power 
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stations  would  require  either  a  loss  of  current  for  a  few  minutes 
in  order  to  guard  against  one  station  reversing  before  some  other 
had  opened  or  reversed  its  current,  or  would  require  some  elee- 
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Fig.  12. — Condition  after  current  was  reversed  by  West  End  Co.     The  shaded 
portions  of  the  map  are  referred  to  in  the  paper  as  colored  red. 


202  FARNHAM  ON  ELECTROL  TTIC  EFFECTS.        [April  18, 

trical  BjBtem  connecting  the  several  stations  together  and  opera- 
ting the  reversing  apparatus  simultaneously.  We  concluded  it 
would  be  very  diflScult,  if  indeed  at  all  practicable,  to  reverse 
such  heavy  currents  during  regular  traffic.  We  then  renewed 
the  reversing  experiment,  giving  24  hour  periods  between  each 
alternation,  but  found  at  the  end  of  two  weeks,  to  our  sorrow, 
that  the  plates  subjected  to  the  action  of  the  current  were  seri- 
ously electrolyzed.  It  seemed  useless  to  pursue  this  line  of 
work  further  at  that  time.  When  alternating  current  motors 
become  practicable  for  use  on  street  cars,  advantage  may  be 
taken  of  the  fact  that  such  currents  appear  not  to  cause  electrol- 
ysis to  the  extent  of  injuring  pipes  and  cables  exposed  to  them. 
Seventh :  At  about  this  stage  in  the  study  of  the  prob- 
lem, Mr.  Fred  S.  Pearson,  then  engineer  of  the  West  End  Street 
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Railway  Co.,  made  two  suggestions  which,  though  separate  in 
themselves,  and  presented  at  different  dates,  yet  carried  out  in  con- 
junction, have  proved  exceedingly  helpful  in  overcoming  the  diffi- 
culty, at  least  so  far  as  relates  to  telephone  cables.  It  occurred  to 
Mr.  Pearson  first,  that  if  the  railway  current  should  be  reversed  so 
that  the  positive  pole  would  be  connected  with  the  trolley,  the 
danger  of  electrolysis  would  be  removed  from  the  greater  and 
more  scattered  portion  of  the  city,  and  be  brought  near  the  power 
stations  where  it  possibly  could  be  more  easily  dealt  with.  This  re- 
versal was  made  and  the  expected  potential  changes  between  ca- 
bles and  earth  followed.  Fig.  12  is  a  map  of  JBoston,  showing  the 
condition  after  the  reversal  of  current.  The  red  or  dangerous 
portions  in  this  map,  correspond  to  the  white  or  safe  districts  in 
the  map  shown  in  the  first  of  this  paper  (Fig.  5),  the  only  varia- 
tion being,  that  by  the  reversal,  the  neutral   or  zero  line  was 
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thrown  oat  a  little  farther  from  the  Albany  '  street  power-house 
than  it  was  located  before.  It  was  also  noted  that  the  cables  near 
the  power- hoase  which  had  been  from  one  to  two  volts  negative 
to  earth  before  the  change  of  current,  were  now  one  to  nine  volts 
positive  to  earth  ;  that  is,  they  were  raised  higher  above  .zero 
than  they  had  been  below  zero  prior  to  the  reversal.  Fig.  13  is  a  typ- 
ical representation  of  the  current  flowing  through  trolley,  car,  rails 
and  cables  at  this  time.  It  will  be  readily  understood  that  with 
the  conditions  as  illustrated  in  this  figure,  tlie  electrolytic  action 
would  be  confined  to  the  territory  comparatively  near  the  power 
stations  where  the  current  is  leaving  the  cables  to  reach  the 
negative  or  rail  side  of  the  dynamo. 

Mr.  Pearson  next  suggested  the  plan  of  running  oat  large  cop- 
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per  conductors  from  the  negative  side  of  the  dynamo  and  extend- 
ing them  through  the  dangerous  district,  connecting  them  at 
frequent  intervals  to  the  cables.  Fig.  14  diagrammatical  ly  illus- 
trates this  plan.'  On  the  principle  involved  in  Prof.  Thomson's 
motor  generators,  this  low  resistance  conductor  connected  direct- 
ly to  the  dynamo,  was  to  punap  the  current  from  the  cables  and 
so  prevent  its  passage  into  or  through  the  moist  earth.  Some 
of  us  were  skeptical  as  to  the  completeness  of  this  proposed 
remedy.  It  seemed  possible  that  even  with  such  a  good  return 
condactor.  some  of  the  current  might  still  pass  into,  and  through 
the  earth.  Voltage  measurements,  however,  at  once  dispelled 
the  doubts,  for  we  found  that  the  cables  measuring  9  volts  positive 
to  earth,  gave  a  reading  of  22  positive  to  the  return  conductor ;  that 
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is,  the  return  wire  as  relating  to  the  cables,  was  at  all  points,  more 
negative  than  the  earth  (if  we  may  be  allowed  the  expression).  The 
return  conductors  were  made  up  of  a  large  number  of  No.  18 
copper  wires  formed  into  cables  about  one  inch  in  diameter, 
known  as  conductors  of  500,000  circular  mils.  These  conductors 
were  extended  in  each  direction  from  Albany  street  power-house 
entirely  through  this  dangerous  district,  its  longest  section  being 
about  4,300  feet.  The  cables  in  every  manhole  within  the  district, 
were  connected  by  several  No.  12  copper  wires  to  the  return  con- 
ductor and  soldered.  On  first  connecting  the  cables  to  the  return 
conductor,  which  took  place  Dec.  24,  1892,  the  current  was 
sufficient  to  melt  several  strands  of  No.  12  wire.  A  measure- 
ment for  current  flowing  in  the  main  return  conductor  which  was 
used  for  relieving  the  cables  only,  gave  over  500  amperes. 

It  may  be  interesting  here,  to  note  comparative  voltages  in  the 
district  near  the  power-house,  as  given  in  the  accompanying  table. 


Ketween  Cables 

Manhole  No. 
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ment to  earth. 

After  Reversal 
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Return  Con- 
ductor was  con- 
nected to  Ca- 
bles 
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Fig.  15  is  from  a  photograph  taken  in  one  of  the  manholes 
showing  the  connection  of  the  cables  to  the  return  conductor;  the 
limited  size  of  the  manhole  prevented  my  obtaining  a  view  of  all 
the  cables. 

The  mip,  Fig.  16,  illustrates  the  condition  after  the  installation 
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of  the  return  conductor  at  the  Albany  street  station.  The  red 
patch  which  existed  in  that  locality  is  now  removed,  and  the 
cables  are  all  negative  to  earth.  The  remaining  red  patches  or 
dangerous  sections  were  corrected  by  taking  similar  means  of 
reaching  the  East  Cambridge  power-house.  In  treating  this  lat- 
ter case,  many  measurements  were  made  to  determine  whether  or 
not  the  railway  return  wires  put  up  to  take  the  current  in  a 
measure  from  the  tracks,  would  answer  for  a  return  for  the  cables 


Fig.  15. 


instead  of  using  a  special  return  conductor  as  had  been  employed 
at  the  Albany  street  district.  It  was  found  that  they  would  not 
serve  the  purpose,  since  the  potential  of  these  track  return  wires 
varied  constantly  and  was  frequently  above  that  of  the  earth. 

The  cables  on  the  Boston  side  of  the  draw  of  West  Boston 
bridge,  proved  to  be  positive  to  both  the  rail  and  the  water, 
while  on  the  other  side  of  the  narrow  draw,  the  opposite  condition 
existed,  showing  at  once,  that  it  was  unsafe  to  assume  any  neu- 
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Fio.  16.  Condition  Jan.  4.  after  connecting  West  End  ground  wire  to  cables 
near  Power  Station.  The  shaded  portions  of  the  map  are  referred  to  in  the  paper 
as  colored  red. 
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tral  lines  or  potential  difference,  witliont  making  measurements  to 
determine  the  absolute  facts. 

So  far,  this  paper  has  dealt  particularly  with  the  subject  of 
protection  of  lead  covered  cables.  It  might  be  inferred  that 
water  and  gas  pipes  can  be  treated  in  precisely  the  same  manner 
with  the  same  results,  or  as  water  pipes  have  a  much  greater 
sectional  area  of  metal,  it  might  be  presumed  that  simply  a  con- 
nection of  such  pipes  to  the  dynamo  at  the  power  station  would 
be  sufficient  to  bring  their  potential  down  to  zero  throughout  the 
dangerous  district.  The  facts  so  far  coming  to  our  notice,  would 
materially  modify  such  inferences,  and  therefore  should  find  a 
place  here. 

That  iron  pipes  are  as  truly  subjected  to  the  corrosion  as  lead, 
need  not  be  stated  to  the  members  of  this  society,  but  for  the 
benefit  of  city  officials  and  others  who  may  read  the  paper,  it 
should  be  plainly  stated  that  they  are  quite  as  readily  destroyed 


Fig.  17. 

by  electrolysis.  Fig.  17  is  from  a  photograph  of  an  iron  gas 
pipe  taken  from  Brooklyn,  N.  Y 

The  City  Engineer  of  Milwaukee,  Mr.  G.  H.  Benzenberg,  has 
kindly  sent  me  a  photograph  of  a  six-inch  iron  water  main,  badly 
corroded.  It  is  the  best  specimen  of  cast-iron  pipe  I  have  been 
able  to  obtain,  although  not  the  most  serious  case  of  corrosion. 
Fig.  18  is  from  the  Milwaukee  specimen. 

Mr.  Benzenberg  writes  that  the  trouble  in  that  city  was  chiefly 
noticed  upon  the  six-inch  water  main  extending  100  feet  on  each 
side  of  a  point  opposite  the  railway  power  station.  Services  en- 
tering this  main  were  also  destroyed,  and  all  were  renewed  three 
times  during  the  past  two  years.  He  states  further,  and  I  quote 
his  own  words,  "  at  other  points  where  power-houses  were  estab- 
lished thereafter,  the  mains  were  immediately  connected  by  extra 
heavy  copper  wires  with  the  generator ;  we  have  had  no  trouble 
with  them  so  far". 
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Mr.  O,  H.  Tripp,  engineer  at  Rockland,  Me.,  recently  fur- 
nished me  with  a  specimen  of  wrought-iron  pipe  destroyed  in  five 
months ;  the  fact  is  of  special  interest  as  it  comes  from  a  city 
having  but  a  small  railway  system. 

In  Boston,  there  have  been  water,  as  well  as  gas  service  pipes 
corroded  through  by  electrolysis.  I  have  not  learned  of  any 
mains  having  burst  from  this  cause.  Measurements  of  water 
pipes  in  the  city  indicate  they  are  still  in  danger,  notwithstand- 
ing several  thoroughly  made  connections  with  the  pipes  at  the 
power  station ;  the  same  is  true  in  Cambridge,  Mass.  This  leads 
me  to  call  attention  to  an  interesting  series  of  inquiries. 


Fig.  18. 

The  engineer  of  the  Water  Board  at  Rochester,  N.  Y.,  sug- 
gested to  me,  a  short  time  ago,  while  looking  into  the  question 
of  electrolytic  action  upon  the  pipes  in  that  city,  that  possibly 
there  might  be  gufiicient  resistance  in  the  joints  of  the  water  mains 
to  cause  an  action  upon  the  lead  ring  which  forms  the  connection 
between  sections  of  pipe.  He  stated  that  not  unfrequently  there 
is  found  a  film  of  moisture  between  the  pipe  and  this  lead  ring, 
and  as  the  pipes  are  coated  with  a  preparation  of  tar  or  asphalt 
on  both  the  inner  and  outer  surfaces  before  they  are  laid,  there 
might  be  a  poor  electrical   connection.     Without  having  made 
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any  inquiries  or  tests  upon  this  point,  it  seems  to  me  probable 
that  the  careful  calking  which  is  given  these  lead  rings,  would 
form  in  some  portion  of  each  joint  a  good  electrical  connection ; 
that  is,  one  of  very  low  resistance.  Recent  measurements  how- 
ever made  in  Boston,  and  others  made  in  Albany,  during*  the 
latter  part  of  March,  this  year,  convince  me  that  there  is  a  very 
appreciable  resistance  in  such  joints. 

Fig.  19  will  illustrate  the  conditions  at  Albany.  We  found 
the  negative  side  of  the  dynamo  to  be  connected  with  the  rails, 
and  with  ground  plates  in  old  wells;  no  connection  had  been 
made  with  water  or  other  pipes.  Directly  in  front  of  the 
power  station   the  voltmeter  indicated  a  })ressure  of  20  volts 
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between  water  pipe  (an  8  inch  cast-iron  pipe)  and  the  rail,  the 
pipe  being  positive.  A  reading  taken  about  300  feet  in  either 
direction,  up  or  down  the  street,  indicated  about  18  volts.  At  a 
point  1200  feet  north,  the  reading  was  lowered  to  12  volts.  "We 
then  connected  the  rail  side  of  the  dynamo  to  the  street  hydrant 
and  took  new  readings,  finding  1  volt  at  the  station,  7  volts  at 
300  feet  distant,  the  same  south,  and  8  volts  at  a  point  1,200  feet 
north. 

These  measurements,  with  similar  indications  in  Boston,  show 
plainly  that  there  is  a  very  appreciable  resistance  in  the 
water-main  joints.  At  the  same  time  the  measurements  give 
fair  evidence  that  the  difference  of  voltage  between  any  two 
sections  of  water  pipe  is  very  small.  The  interested  parties  at 
Albany  have  kindly  consented  to  allow  any  facts  or  figures  ob- 
tained there  in  reference  to  this  subject  to  be  placed  in  this  paper. 
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Fig.  20  is  from  a  photograph  of  a  piece  of  lead  service  pipe 
at  Albany. 

A  few  measurements  made  through  the  danger  district  will  be 
of  interest.  The  station  is  situated  near  the  southern  extremity 
of  the  city.  The  danger  district  extends  north  about  one  mile, 
and  over  this  portion  of  the  district  the  following  figures  were 
obtained.  They  were  taken  at  nearly  uniform  distances  of  about 
500  feet,  beginning  at  the  station. 

MEASUREMENTS   IN   THE   DANGER  DISTRICT. 

At  Station,  Cable  to  £arth,  Po&itiye,  12  yolts. 

"     "  Kail     ••  25  '* 

Water  "     •'       '•  20  '* 

600  Ft.  North,           Cable   "  Earth ^.  *'  10  •* 

'•     •'  Track '*  22  •' 

Water'*    ''       '*  12  " 

1.000   ••                     Cable  "  Earth •'  6  '' 

"     "  Track "  18  •* 

Water  ••     "       ''  12  •* 

1,500    "                      Cable  •*  Earth •'  6  '* 

'*     •'  Rail     '•  18  *' 

Water"    "        "  18  " 

2,000    ♦*                     Cable  "Earth "  8  *' 

''    ••  Rail    *'  16  *' 

2,500    •'                            •*     **  Earth "  6  " 

"     "Rail    ''  13  " 

Water"     "       "  8  " 

8,000    '•                      Cable  ••  Earth •'  4  " 

*'     "  Rail    *  11  '• 

3,500     *                            "     '*  Earth "  8  '* 

••    '*  Rail    ♦•  12  " 

Water"     "       "  7  " 

4,000    "                      Cable  *' Earth "  8  " 

•*    ''  Rail    "  8  " 

4,500    "                           •'     '*  Earth "  1  " 

*'     •*  Rail    "  1  " 

Water  *•    "       Negative  1  '* 

5,000    •'                     Cable  •*  Earth Positive     i  " 

'•     '*  Kail      "  i  " 

It  is  proposed  at  Albany  to  extend  large  wires  (0000)  through 
the  dangerous  district,  one  wire  for  each  system  of  pipes,  con- 
necting the  pipes  to  them  at  frequent  intervals. 

It  is  probable  that  the  remedy  which  has  been  applied  to  tele- 
phone cables  in  some  cities,  has  been  the  more  positive  from  the 
very  failure,  so  far,  to  thoroughly  protect  the  other  systems  of 
pipes  against  electrolytic  action.     Fig.  14  (already  shown)  may 
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assist  to  a  clear  understanding  of  tliis.  The  cables  are  ht^re 
connected  by  a  large  wire  to  the  dynamo,  while  water  pipes 
are  not  so  treated.  Therefore,  the  current  which  enters  the 
water  pipes  at  points  outside  the  danger  district  passes  to  the 
neighborhood  of  the  power  station,  and,  in  leaving  them  there, 
raises  the  potential  of  the  earth  about  the  cables.  In  other 
words,  the  current  flows  from  the  water  pipes  to  the  ground  and 
thence  to  the  cables  in  order  to  reach  the  dynamo. 

Connecting  any  one  system  of  pipes  to  the  dynamo,  will,  in  a 
measure,  protect  other  systems  of  pipes,  but  connecting  all  sys- 
tems leduces  the  certainty  or  margin  of  certainty  of  protection 
to  any  one  system.  This  will  be  apparent  from  a  little  study  of 
Figure  14  just  referred  to. 

When  all  cables  and  pipes  in  the  danger  district,  are  connected 
by  sufliciently  large  conductors  to  drain  them,  a  careful  adjust- 


FiG.  20. 

ment  in  resistances  in  these  several  conductors  may  be  found 
necessary  in  order  to  insure  a  balance  between  the  several  sys- 
tems of  pipes.  It  may  lead  to  the  necessity  of  reducing  the 
carrying  capacity  of  the  conductor  returning  to  the  dynamo  from 
the  rails  themselves. 

The  question  has  already  arisen,  and  it  doubtless  will  be  re- 
peated here, — "  How  small  a  difference  of  potential  between  pipe 
and  earth  will  cause  electrolytic  action  ? "  In  reply  to  this,  it 
may  be  stated  that  some  of  the  worst  cases  of  corrosion  in  Boston, 
have  occurred  where  the  difference  was  but  one  and  one- 
half  volts.  Mr.  A.  T.  Welles,  of  Chicago,  in  describing  to  me 
an  examination  of  some  of  the  first  cases  in  Cincinnati,  states 
that  the  "  difference  of  potential  between  the  cables  and  the  rail, 
was  never  more  than  one-half,  and  usually  less  than  one-quarter 
volt."  Such  a  difference  between  cable  and  rail  would  mean  a 
much  less  difference  between  cable  and  earth,  where  electrolysis 
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takes  place.     Mr.  John  C.  Lee,  of  Boston,  has  experimentally 
caused  the  corrosion  on  lead  and  iron  by  a  difference  of  potential 

of  T^TT  VOlt.^ 

These  facts  certainly  indicate  that  but  a  very  small  pressure  is 
necessary  to  produce  the  action  and  should  dispel  the  numerous 
statements  that  well  bonded  rails  or  a  large  amount  of  rail  return 
wires  will  alone  overcome  the  trouble.  In  some  cities,  where 
electrolysis  is  in  progress  to-day,  the  return  copper  nearly  equals 
that  of  the  trolley  and  feed  wire  system.  We  cannot  force  the 
current  to  take  one  path  exclusively  when  others  are  open  to  it. 

The  facts  given  above,  with  others  similar,  though  not  enume- 
rated, lead  me  to  these  conclusions : 

Ist.  All  single  trolley  railways  employing  the  rails  as  a  portion 
of  the  circuit,  cause  electrolytic  action  and  consequent  corrosion 
of  pipes  in  their  immediate  vicinity,  unless  special  provision  is 
made  to  prevent  it. 

2nd.  A  fraction  of  a  volt  difference  of  potential  between  pipes 
and  the  damp  earth  surrounding  them,  is  sufficient  to  induce  the 
action. 

3rd.  Bonding  of  rails,  or  providing  a  metallic  return  conductor 
equal  in  sectional  area  and  conductivity  to  the  outgoing  wires,  is 
insufficient  to  wholly  prevent  damage  to  pipes. 

4th.  Insulating  pipes  sufficiently  to  prevent  the  trouble  is  im- 
practicable. 

5th.  Breaking  the  metallic  continuity  of  pipes  at  sufficiently 
frequent  intervals,  is  impracticable. 

6th.  It  is  advisable  to  connect  the  positive  pole  of  the  dynamo 
to  the  trolley  lines. 

7th.  A  large  conductor  extending  from  the  grounded  side  of 
the  dynamo,  entirely  through  the  danger  territory  and  connected 
at  every  few  hundred  feet  to  such  pipes  as  are  in  danger,  will 
usually  ensure  their  protection. 

8th.  It  is  better  to  use  a  separate  conductor  for  each  set  of 
pipes  to  be  protected. 

9th.  Connection  only  at  the  power  station,  to  water  or  gas 
pipes,  will  not  ensure  their  safety. 

10th.  Connection  between  the  pipes  and  rail,  or  rail  return 
wires,  outside  of  the  danger  district,  should  be  carefully  avoided. 

1.  Experiments  completed  since  the  writing  of  the  paper  produced  marked 
corrosion  by  currents  of  less  than  \  volt,  this  was  illustrated  by  a  lantern  slide,  in 
which  the  pieces  of  lead  wire  themselves  were  shown  magnified  upon  the  screen. 
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11th.  Frequent  voltage  measurements  between  pipes  and  earth 
should  be  obtained,  and  such  changes  in  return  conductors  made, 
as  the  measurements  indicate. 

In  closing  this  somewhat  rambling  paper,  I  can  do  no  better 
than  use  words  which  will  remind  you  of  Patrick  Henry;  ^eternal 
vigilance  "  will  be  the  "  price  "  of  pipes  and  cables  where  con- 
ditions favorable  to  electrolysis  exist. 
Boston,  March  80,  1894. 


At  the  conclusion  of  the  paper,  the  author  presented  a 
number  of  views  upon  the  screen,  in  addition  to  those  which 
form  part  of,  and  are  printed  in  the  body  of  the  paper. 

Among  the  most  interesting  were : 

1.  A  map  of  Boston,  showing  the  district  in  which  the  water 
pipes  (by  recent  measurements)  are  in  danger  of  electrolytic 
action. 

2.  Man^  samples  of  electrolyzed  pipes,  both  iron  and  lead. 

3.  Specimens  of  lead  pipe,  snowing  the  effect  of  corrosion  pro- 
duced by  a  current  having  a  pressure  of  less  than  one-half  volt. 

4  Two  views,  showing  method  of  making  the  voltage  meas- 
urements between  pipes  and  the  earth. 

5.  A  view,  showing  the  process  of  electrolysis  going  on,  by 
which  a  tinfoil  pipe  was  eaten  through,  allowing  a  colored  liquid 
to  mix  with  water,  and  making  a  very  interesting  picture  on  the 
screen. 
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D18OV88ION. 

The  President  :— I  will  call  on  Professor  Plympton  to  open 
the  discussion  on  this  interesting  paper. 

Prof.  Geo.  W.  Plympton  :— 1  came  here  as  a  learner  to-night. 
I  had  many  questions  to  ask,  and  a  good  many  have  been  answered 
by  Mr.  Farnham's  paper.  I  have  been  accustomed  ever  since  I 
had  any  experience  with  this  troublesome  question  to  consult  Mr. 
Farnham's  opinions,  which  I  have  obtained  frequently  at  second 
hand  through  the  scientific  papers.  We  have  a  large  mileage  of 
trolley  in  Brooklyn  as  everybody  knows.  The  papers  assure  you 
of  that  every  few  days.  Our  first  experience  with  electrolysis 
dates  from  about  a  little  more  than  a  year  aco.  We  had  heard 
of  that  in  Boston,  of  course,  before  we  had  any  experience  in 
Brooklyn.  In  framing  the  franchise  for  the  trolley  roads  there 
was  fortunately  a  clause  inserted,  not  through  any  provision  of 
the  aldennen  or  commissioners,  but  which  placed  responsibility 
upon  the  trollev  companies  for  anv  mishaps  to  any  undergroun(l 
pipes,  wires,  cables  or  the  like.  That  was  placed  there,  not  be- 
cause electrolysis  was  thought  of  at  the  time,  I  think,  but  because 
it  was  supposed  that  in  the  process  of  digging  un  streets  thev 
might  interfere  with  gas  and  water  pipes,  so  that  tne  responsibil- 
ity is  clearly  acknowledged  and  they  accept  the  situation,  and  they 
are  taking  all  the  means  that  they  can  with  due  regard  to  econo- 
my, which  they  always  observe,  of  course,  to  prevent  any  serious 
deterioration.  So  in  their  experimenting,  as  tliere  are  four  com- 
panies and  four  sets  of  engineers,  their  experiments  have  been 
to  some  extent  along  different  lines.  I  am  sorry  to  believe  that 
we  have  not  got  the  full  measure  of  the  damage  that  has  been 
done.  So  much  as  has  been  exhibited,  and  you  saw  some  of  the 
specimens  on  the  screen,  was  such  as  has  made  itself  known 
tnrough  the  entire  failure  of  pipes  and  cables.  It  is  reasonable 
to  suppose  that  ten  times  as  many  examples  could  be  found  which 
would  be  nearly  as  bad  as  those  exhibited,  because  there  has  been 
no  digging  down  in  the  ground  in  search  of  such  cases  of  corro- 
sion. Water  pipes,  gas  pipes  and  lead  coverings  of  cable  have 
all  suffered.  Telephone  companies  were  the  first  to  find  it  be- 
cause of  slight  perforations  of  the  insulation.  Leakage  of  water 
pipes  have  made  themselves  known  in  one  or  two  cases  where 
they  were  near  enough  to  the  surface.  In  one  of  the  cases  ex- 
hibited, one  pipe  had  been  destroyed  in  three  or  four  months. 
It  was  an  iron  pipe  very  near  the  rail.  It  was  replaced  by  a 
larger  pipe,  and  tnat  was  perforated  in  thirty  days.  So  that  the 
rapidity  of  the  action  warned  us  there,  that  it  was  time  to  look 
about  quite  actively.  We  have  held  numerous  conferences  with 
the  engineers  and  they  have  promised  to  take  all  proy^er  means 
for  taking  care  of  their  own  current.  That  is  the  thing,  of 
course,  for  the  trolley  people  to  do.  That  they  are  aware  of ; 
they  have  been  sufficiently  warned  of  it.  One  thing  I  feel  a 
little  concerned  about,  and  I  take  time  only  to  mention  it  and 
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that  is  this  seventh  conclnsion :  "  A  large  conductor  extending 
from  the  grounded  side  of  the  dynamo,  entirely  through  the  dan- 
ger territory  and  connected  at  every  few  hundred  feet  to  such 
?ipe8  as  are  in  danger  will  usually  ensure  theirprotection." 
'rue,  so  long  as  that  connection  can  be  kept  up.  Will  it  not  be 
necessary  to  make  such  a  connection  in  such  place  that  we  can 
examine  it  everj  once  in  a  while  ?  Will  it  do  to  make  a  connec- 
tion and  cover  it  up  ?  What  shall  it  be — copper  wire  ?  Can  we 
solder  a  copper  wire  to  an  iron  pipe  ?  Can  we  make  a  connection 
that  will  remain  good  and  without  increasing  its  resistance  ?  Lo- 
cal action  will  set  up  a  corrosion,  and  as  to  soldering,  in  the 
ordinary  sense  of  the  term,  it  seems  to  me  impracticjible.  So 
that  we  have  some  fears  that  whatever  precautions  they  take  of 
that  kind,  may  prgve  insufficient  after  a  little  while  or  else  that 
they  will  need  constant  attention,  and  that  we  shall  need  a  large 
corns  of  inspectors  to  prevent  serious  injury. 

The  numerous  ways  of  bonding  the  wires  are  the  things  that 
the  trolley  people  exhibited  there  as  the  means  of  preventing 
injury,  and  two  or  three  have  been  exhibited  in  the  last  week  or 
two.  One,  that  of  making  the  rails  continuous  has  been,  I  believe, 
tried  in  Boston.  It  is  about  to  be  tried  in  Thirty-ninth  street, 
Brooklyn.  The  apparatus  arrived  the  other  day  for  welding  the 
rails.  The  engineer  of  the  company  assured  me  that  they  would 
make  their  rails  continuous  within  the  limits  of  the  city.  An- 
other bond,  which  bears  the  name  of  Vail,  I  think,  has  been 
suggested,  where  three  large  rivets  are  made  tapering,  and  driven 
into  the  rail  and  riveted  down,  each  rivet,  half  an  inch  in  di- 
ameter, and  then  with  a  half -inch  conductor  extending  beyond 
the  joints,  and  then  another  set  of  three  rivets.  That  has  been 
exhibited  as  one  of  the  best  bonds  that  is  known. 

Of  course,  as  Mr.  Famliam  says,  the  current  will  still  be 
divided  between  the  rail  and  the  moist  earth  in'  proportion  to 
their  relative  conductivities.  You  cannot  convey  all  of  that 
current  back  by  the  best  conductor  that  you  cai»  put  in  the 
ground.  So  the  method  of  relieving  the  pipes  of  that  positive 
charge,  where  the  corrosion  has  been  set  up,  is  the  best  way  to 
ensure  the  protection.  But  in  regard  to  its  permanency,  as  I 
said  before,  I  am  inclined  to  feel  some  fear. 

The  question  with  us,  of  course,  is  in  the  experimental  stage. 
We  shall  accumulate  more  within  a  year,  but  in  that  time  I  fear 
we  shall  find  a  good  deal  more  damage  done,  for  the  reason  that 
it  is  onl  V  where  the  corrosion  has  been  so  bad  that  the  pipe  or 
the  cable  has  failed,  that  our  attention  has  been  called  to  it.  No 
doubt  corrosion  is  going  on  at  this  hour  over  a  very  large  extent 
of  territory.  We  sliall  accumulate  more  information,  I  presume, 
within  the  next  season.  But  for  the  best  we  have  been  able  to 
do,  with  the  information  we  had,  we  felt  all  the  time  indebted 
to  the  very  able  and  systematic  way  in  which  the  investigations 
have  been  carried  on,  and  the  methods  taken  to  ensure  success  in 
Boston. 
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Mr.  T0WN8END  WoLcoTT : — One  very  intereeting  point  is  the 
small  voltage  which  will  corrode  a  cable  in  the  eartn.  We  are 
generally  familiar  in  electrolysing  solutionfi  with  voltagee  of  one 
volt  or  over — almost  any  solution — over  one  volt.  But  I  take  it 
that  the  conditions  in  the  damp  earth  are  such  that  the  corrosion 
is  just  about  ready  to  go  on  anyway,  and  a  very  little  help  will 
make  it  go.  In  decomposing  water,  for  instance,  it  takes  about 
1.48  volts,  if  I  remember ;  but  in  that  case  you  have  to  supply 
the  energy  to  break  up  the  chemical  combination.  But  the  way 
it  probably  is  with  a  cable  in  the  earth,  the  chemical  action  is 
just  ready  to  take  place,  and  it  only  requires  very  little  to 
start  it. 

With  regard  to  the  question  about  the  voltmeter,  it  may  be 
well  enough  to  say  that,  if  the  voltmeter  has  high  enough 
resistance  you  do  not  have  to  be  at  all  particular  about  contacts. 
With  a  high  resistance  voltmeter  you  can  take  a  storage  battery 
out  of  the  solution,  and  when  it  is  apparently  dry  you  get  ex- 
actly the  same  voltage  as  with  the  acid.  A  low  resistance  volt- 
meter, of  course,  would  not  show  that.  But  if  it  is  a  high 
resistance  voltmeter  it  will  give  the  full  voltage. 

Mb.  a.  E.  Kennelly  : — Mr.  Chairman  and  Gentlemen,  I 
think  that  I  only  echo  the  general  sentiment  in  saying  how 
much  I  have  enjoyed  listening  to  the  paper  of  the  evening,"which 
is  the  first,  I  think,  that  has  given  us  clear  and  precise  mforma- 
tion,  thoroughly  and  interestingly  placed  before  us,  upon  this 
subject  which  is  of  great  practical  importance.  But  in  some  of 
the  generalizations  which  Mr.  Famham  makes,  I  have  the  honor 
to  diflEer  from  him,  and  I  beg  to  submit  certain  criticisms  upon 
them.  I  wish  to  take  the  stand  that  it  is  not,  as  stated  in  the 
sixth  ffeneralization — that  it  is  not  necessarily  good  policy  to  con- 
nect tne  positive  pole  of  the  dynamo  to  the  trolley  lines,  and  for 
this  reason,  that  supposing  you  are  grounding  one  terminal  of 
your  dynamo  which  is  supplying  a  total  current  distributed  to 
your  trolley*  wires,  say  of  a  thousand  amperes,  that  thousand 
amperes  goes  into  the  ground  on  your  district,  and  it  has  to 
come  out  of  the  ground  at  the  point  of  your  ground  connection 
to  the  dynamo.  Kow,  if  you  bury  in  the  ground  a  large  mass 
of  iron  pipe,  or  lead  tube,  or  metallic  conductor  of  any  kind, 
that  metallic  conductor  will,  perhaps,  absorb  a  large  fraction  of 
the  thousand  amperes.  Let  us  say  it  absorbs  750  amperes.  The 
metallic  system  will  have  750  amperes  entering  it  and  750  am- 
peres issmng  from  it.  Now,  when  you  have  tlie  negative  pole 
to  line,  the  current  will  go  from  your  ground  plate,  will  enter  all 
this  mass  of  metal  in  the  vicinity,  and  there  it  will  do  no  dam- 
age, because  where  it  enters  the  iron  or  lead,  hydrogen  is  given 
on,  as  we  have  seen  represented  on  the  screen.  But  it  will  issue 
from  the  iron  or  lead  over  a  larger  area  in  the  remote  districts — 
a  very  large  "  danger  "  area,  an  area  as  shown  on  the  chart  this 
evening  of  several  square  miles.     That  large  area  will  be  in 
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danger  of  corrosion,  and  there  will  l>e  corrosive  electrolysis  go- 
ing on  all  over  that  area  to  the  extent  of  750  amperes  collec- 
tively.    But  when  you  reverse  the  current,  as  is  suggested  as 
advisable  in  the  sixth  conclusion  of  this  paper,  you  reverse  that 
condition  of  affairs.     All  the  distant  district  is  hee  from  danger 
and  all  the  oxidizing  and  corroding  effect  is  close  to  you ;  but 
the  750  amperes  are  still  there  and  are  now  actively  corroding 
a  much  smaller  surface.   It  is  the  surface  in  the  immediate  vicin- 
ity.    Instead  of  being  spread  over,  as  shown  on  the  map  in  the 
previous  case,   several  square  miles,   the  same  Jtotal   corrosive 
electrolysis  is  spread  over,  perhaps,  half  a  square  mile.     The 
danger  area  is  reduced,  but  the  danger  is  greater,  because  the 
activity  is  consequently  augmented  in  that  district.     You  have, 
say,  twenty  times  the  amount  of  corrosion  going  on  over  a  given 
siirface  of  pipe,  and  the  result  is  you  will  eat  through  those 
pipes  twenty  times  as  rapidly,  and  if  the  danger  is  in  bursting  a 
pipe  you  will  probably  burst  it  twenty  times  as  soon  under  those 
circnmstances.     But  if,  as  Mr.  Famham  says,  we  prevent  that, 
as  was  done  so  skilfully  in  this  case,  by  throwing  out  a  ground 
feeder,  which  prevents  the  current  from  emerging  out  of  the 
pipes  into  the  surrounding  soil  near  the  power-house,  why  then, 
coupling  together  the  sixfli  and  the  seventh  conclusions,  all  is 
well ;  you  have  stopped  the  corrosive  action.     But  unless  you  do 
couple  together  the  sixth  and  seventh  suggestions,  you  are  likely 
to  cause  more  danger  by  having  the  positive  pole  to  line,  than  if 
yon  have  the  negative  pole  to  fine.   The  fact  Mr.  Famham  men- 
tions, that  he  did  have  trouble  with  his  lead-covered  cables  while 
the  negative  pole  was  to  line,  but  did  not  have  trouble  when  the 
positive  pole  was  to  line,  is  an  argument  in  his  favor.     But  he 
would  probably  have  had  electrolysis  on  the  cable  in  one  district 
or  anotner  whichever  happened  to  be  the  danger  district,  if  the 
lead  had  been  suitably  placed  for  electrolysis,  and  a  lead  cable 
of  this  kind  is  singularly  liable  to  be  spoiled  by  electrolysis. 
The  resistance  of  an  ordinary  lead  telephone  cable  sheath,  as  we 
know,  is  much  greater  than  that  of  a  large  iron  water  pipe. 
But  being  continuous,  and  having  very  few  or  no  unsoldered 
joints,  it  has  far  less  resistance  than  a  large  iron  pipe  with  a 
large  number  of  poor  electrical  joints.     The  result  is  that  where 
there  is  an  opportunity  for  the  lead  sheathing  to  be  corroded  at 
any  point,  there  will  be  active  corrosion,  and  at  that  point  those 
destructive  effects  so  fully  brought  out  in  this  paper  will  be 
produced. 

Furthermore,  I  would  like  to  point  out  that  the  difference  of 
potential  as  measured  by  a  voltmeter  between  a  cable  sheathing 
and  the  ground  in  its  vicinity,  is  not  necessarily  a  criterion  of  the 
degree  oi  corrosive  activity  taking  place  at  that  point.  If  the 
direction  of  the  p.  d.  is  such  that  the  cable  is  positive,  there  will 
be  a  corrosive  current  there,  or  a  tendency  to  produce  a  corro- 
sive current.     But  if  the  p.  d.  is  three  volts  or  four  volts,  the 
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corrosive  current  is  not  necessarily  twice  as  strong  as  if  the  p.  d. 
were  one  and  a  half  or  two  volts  respectively.  For  suppose  yon 
had  a  perfectly  insulated  cable  and  sheath,  but  at  some  distant 
point,  say,  half  a  mile  off,  the  sheathing  of  lead  was  exposed  to 
the  ground,  and  that  there  destructive  action  was  beinff  produced ; 
there  might  be  at  that  noint,  half  a  mile  away,  a  difference  of 
potential  between  sheath  and  the  ground  of  three  volts,  bnt  at 
the  point  where  you  stand  the  p.  d.  might  happen  to  be  five 
volts.  Now,  the  five  volts  conld  not  be  so  active  in  producing 
corrosion  as  the  distant  three  volts,  in  fact  it  could  not  be  active 
at  all,  owinjg  to  the  perfect  insulation  of  the  entire  cable  in  the 
vicinity.  The  point  I  want  to  make  is,  that  though  the  observed 
p.  D.  is  an  evidence  of  action,  it  is  not  an  evidence  of  qnantita- 
tive  or  cori'esponding  intensity  of  action. 

Again,  while  all  admit  that  iron  is  corroded,  and  iron  pipes 
are  corroded  electrolytically,  and  the  evidence  has  been  amply 
brought  forward  to-night,  I  do  not  think  that  Mr.  Farnham 
means  that  as  much  corrosion  takes  place  with  iron  as  with  lead, 
for  the  reason  that  we  all  know  a  given  weight  of  lead  is  much 
more  readily  consumed  by  electrolysis  than  a  given  weight  of  iron. 
Roughly,  an  ampere  in  a  year  will  dissolve  seventy-five  pounds 
of  lead  by  electrolysis.  It  will  dissolve,  roughly,  only  about 
twenty  pounds  of  iron,  or  nearly  four  times  less.  So  you  have 
a  more  reduced  activity  of  corrosion  on  an  iron  plate  than  on  a 
lead  plate,  and  that  is  reduced  again  by  the  fact,  m  actual  prac- 
tice, that  in  water  mains,  the  electrical  conduction  from  length 
to  length  of  pipe  is  very  imperfect,  as  evidenced,  for  example, 
by  the  tests  and  measui'ements  shown  on  the  screen  in  the  last 
diagram,  Fig.  19,  where  we  had  an  indication  of  two  volts  fall 
of  potential  per  hundred  feet  of  pipe  within  the  first  three 
hundred  feet  from  the  station. 

The  destructive  effect  of  electrolysis,  while  it  is  serious,  is 
often  exaggerated  by  not  taking  into  account  the  actual  amount 
of  decomposition  that  can  take  place,  electrolytically,  under  the 
most  favorable  circumstances,  if  you  have  a  mile  of  eigliMnch 
water  main,  which  is  half  an  inch  thick,  that  is,  its  exterior  di- 
ameter is  nine  inches  and  its  interior  diameter  is  eight  inches ; 
and  a  thousand  amperes  are  kept  steadily  flowing  day  and  night, 
with  uniform  density,  out  of  that  surface  into  the  surrounmng 
soil,  it  will  take  about  six  years  ihv  that  current  to  reduce,  by 
electrolysis,  the  thickness  of  the  iron  to  one-half.  Of  course,  it 
would  be*  unfair  to  make  a  positive  statement  of  that  kind,  he- 
cause  we  assumed  uniform  corrosion,  whereas  corrosion  does  not 
take  place  uniformly. 

The  resistance  of  the  ground  is  really  far  higher  than  we 
ordinarily  attribute  to  it.  We  are  so  accustomed  to  use  the 
ground  universally  in  telegraphy,  we  are  so  accustomed  to  the 
idea  of  a  ground  return  circuit  with  verj^  little  resistance  in  it, 
that  we  come  to  grasp  the  idea,  unconsciously,  that  the  ground 
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has  very  low  resistivity,  whereas  it  has  very  high  resistivity.  We 
may  taxe  the  position,  in  fact,  that  the  ground  itself  has  an 
enormous  resisivity,  and  what  we  really  measure  in  the  resistance 
of  the  ground,  is  the  resistance  of  the  water  that  happens  to  be 
suspended  in  the  ground.  The  resistivity  of  ground  under  ordi- 
nary circumstances  is  something  like  60  or  60  ohms.  The  result 
is,  that  if  you  had  two  iron  water  pipes,  each  nine  inches  in  di- 
ameter, deeply  buried  in  the  soil,  ana  30  feet  apart,  at  a  constant 
difference  of  potential  of  ten  volts,  you  would  not  expect  less 
than  2.5  ohms  resistance  between  the  pipes  per  linear  foot  of 
either,  nor  more  than  four  amperes  oi  current  between  them 
per  linear  foot.  In  the  case  of  ten  volts  between  one  such 
Duried  pipe  and  two  surface  track  rails,  supported  on  wooden 
sleepers,  the  resistance  between  track  and  pipes  would  probably 
be  much  more,  and  the  current  strength  per  linear  foot  of  pipe, 
perhaps  less  than  one  ampere. 

One  of  the  most  interesting  observations  that  ever  fell  to  my 
lot,  in  connection  with  the  high  resistivity  of  the  ground,  is, 
perhaps,  worth  mentioning.  It  was  occasioned  by  trouble  in  an 
Edison  tube,  and  the  fault,  a  ground,  was  situated  about  three- 
quarters  of  a  mile  from  the  station.  We  were  trying  to  locate 
the  ground  by  means  of  a  compass  needle  moved  over  the  sur- 
face of  the  soil  and  over  the  buried  conductor,  while  strong 
direct  currents  of  about  two  seconds  duration  were  applied  with 

f round  return  circuit,  every  three  or  four  seconds  in  the  power- 
ouse.     We  took  the  magnetic  needle  along  the  surface  of  the 
trench  and  tried  to  find  a  point  where  the  needle  ceased  to  re- 

rnd  to  the  intermittent  currents.  We  came  to  a  spot  where 
line  of  Edison  tubes  departed  from  the  road  and  entered  a 
field.  Round  the  field  there  was  an  iron  wire  fence  with  iron 
uprights,  which  fence  ran  for  several  hundred  feet  parallel  to 
the  road.  We  knew  that  the  ground  existed  in  the  iron  Edison 
tube  somewhere  in  this  vicinity.  I  happened,  auite  by  accident, 
to  stand  near  the  fence,  looking  in  at  the  fiela  and  wondering 
where  the  trouble  might  be,  and  as  I  rested  my  hand  on  the 
fence,  I  fancied  I  felt  a  shock.  I  thought  this  a  mere  delusion 
and  paid  no  attention  to  it.  But  presently  some  one  else  came 
up,  and  without  any  suggestion  on  my  part,  rested  his  hand  also 
on  the  fence  and  declared  that  he  felt  a  shock,  and  finding  my  own 
imagined  sensation  corroborated  independently,  A^e  investigated 
it  and  found  the  reason  to  be  this :  within  20  feet  of  the  fence 
was  the  "  ground  "  we  were  seeking  in  the  Edison  iron  tube. 
The  intermittent  current  escaping  from  the  conductor  into  the 
iron  tube  30  inches  below  the  surface  of  the  soil,  was  able  to 
raise  the  potential  of  the  surface  of  the  road  in  the  vicinity 
where  we  stood,  to  such  a  degree  that  we  were  able  to  deliver 
through  our  hands  enough  current  to  the  iron  fence  wire  to 
make  a  shock  perceptible,  and,  on  taking  measurements  later  on 
with  a  galvanometer  we  found  the  resisivity  of  the  soil,  which 
was  damp,  but  not  wet,  to  be  something  like  60  ohms. 
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There  is  a  very  curious,  although  not  very  essential,  point 
brought  out  in  tnis  interesting  paper,  and  that  is  the  exten- 
sion of  the  neutral  line  at  the  time  when  the  reversal  was  made 
in  the  direction  of  current  to  the  trolley  lines.  •  It  was  pointed 
out  in  the  paper  that  the  zero  line  of  pressure  moved  further 
from  the  station  when  the  reversal  was  made.  I  would  like  to 
ask  Mr.  Farnham  if  he  has  any  information  which  would  throw 
light  on  this  interesting  peculiarity.  In  the  absence  of  any  in- 
formation, I  might  suggest  that  possibly  the  counter-electromo- 
tive force  of  the  developed  hydrogen  over  the  surface  at  which 
the  current  entered  the  system  oi  4)ipes,  might  be  sufficient  to 
disturb  the  zero  line. 

Mr.  Farnham: — I  will  say  in  reply  to  the  question,  that  we 
have  made  no  special  investigation,  nor  have  we  found  any  par- 
ticular reason  to  account  for  the  neutral  line  being  thrown  out 
from  the  station  by  the  reversal  of  the  current.  But  measure- 
ments obtained  several  weeks  after  the  change  was  made,  as  well 
as  immediately  at  the  time,  gave  the  same  result.  It  would  seem 
to  me  that  this  rather  disproves  the  hydrogen  theory :  that  is, 
the  zero  line  has  continued  farther  out  than  when  tne  current 
was  in  the  opposite  direction. 

I  would  like  also  to  say  in  reply  to  the  able  remarks  just  g|iven 
to  us,  that  the  conclusions  summarized  in  this  paper  were  written 
with  the  thought  that  they  should  be  considered  together  in  all 
cases.  There  would  be  no  advantage  in  doing  some  of  this  work 
suggested  unless  we  did  other  parts  of  it  also.  Conclusion  No. 
6  was  intended  to  go  with  No.  7.  But  if  that  had  not  been  the 
intention,  I  can  hardly  agree  with  the  speaker  that  it  would  be 
more  serious  to  have  the  corrosion  take  place  in  a  limited  terri- 
tory, even  though  it  were  more  rapid,  than  in  a  large  territory. 
Would  it  be  more  convenient  to  dig  up  all  the  paved  streets  of 
a  large  city  once  in  ten  years,  or  to  dig  up  a  radius  of  a  thousand 
or  of  two  feet  once  in  a  year  ?  It  is  an  open  question  which 
hydraulic  and  gas  engineers  must  pass  upon.  But  it  would 
seem  to  me  better  to  confine  the  trouble  in  a  small  territory, 
even  though  you  had  to  take  other  measures,  put  in  larger  pipes 
if  you  please,  in  that  territory,  rather  than  have  the  destruction 
slowly  but  surely  going  on  all  over  your  city  ?  Is  it  not  prefer- 
able to  have  a  very  sore  finger  than  to  be  moderately  sick  all  over? 
The  suggestion  of  putting  the  positive  side  of  the  dynamo  to  the 
trolley  and  thereby  bringmg  the  danger  territory  near  the  station, 
was  primarily  for  the  purpose  of  rendering  it  more  easy  to  treat 
the  trouble  with  the  return  wire  system  which  I  have  described. 

I  would  like  also  to  remark  in  connection  with  the  first  speaker 
who  opened  the  discussion,  that  I  reco^ize  the  importance 
which  he  named,  and  the  difficulty  of  havmg  a  good  connection 
with  all  the  pipes.  As  to  how  the  connection  should  be  made 
on  water  pipes  has  been  considerably  discussed.  I  am  hardly 
able  at  present  to  advise.     Whatever  we  do  in  this  line  we  must 


1894  ]  DISCUSSION  IN  NEW  FORK.  221 

watch  constantly.  We  must  take  our  voltage  measurements 
frequently,  as  noted  in  conclusion  11.  We  can  tell  certainly  by 
this  whether  there  still  is  danger  or  not.  As  to  the  number  of 
years  that  may  elapse  before  pipes  will  be  eaten  through,  is  a 
question  we  hardly  need  to  discuss.  If  the  action  is  slow  it 
ousht  to  be  prevented.  We  may  easily  determine  whether  there 
is  danger  or  not,  and  whatever  we  do  to  remove  the  danger  by 
these  means,  we  must  watch  the  electrical  conditions  constantly 
or  we  shall  find  ourselves  again  in  trouble.  . 

In  illustrating  this  fact  let  me  say  that  since  the  system  just 
described  has  been  applied  in  Boston,  the  West  End  company 
has  run  out  in  one  direction  several  large  return  wires  in  addi- 
tion to  those  previously  in  use  in  that  locality,  and  thus  practi- 
cally moved  the  power  station,  that  is,  it  changed  the  zero  line 
from  its  former  location  to  a  point  very  distinct,  making  it 
necessary  to  rearrange  and  extend  the  cable  return  wire  system. 

The  Secretary  read  the  following  communication  from  Mr. 
Thomas  D.  Loctwood : 

Mb.  Lockwood: — I  much  regret  my  inability  to  be  present 
when  Mr.  Famham's  excellent  paper,  at  which  I  have  nad  an 
opportunity  to  glance,  is  read. 

I  have  admired  greatly  the  philosophical  spirit  in  which  Mr. 
Famham's  researches  have  been  made,  and  am  greatly  pleased  that 
he  has  found  time  to  prepare  and  deliver  to  the  Institute  an  ac- 
count of  them,  and  desire  to  place  on  record  my  personal  opinion 
that  the  paper  is  one  of  the  most  interesting,  and  at  the  same 
time,  one  of  the  most  lucid  and  valuable  contributions  to  the 
Tbansactions  of  the  Institute  that  have  been  received. 

It  is  eviden.t  that  with  the  plus  pole  of  the  generator  to  line, 
the  tendency  of  the  trolley  current  will  be  to  pass  at  all  outlying 
points  to  the  pipes  and  cables  which  lie  in  its  path,  except  at 
points  which  are  closely  adjacent  to  the  generator. 

But  when  the  minus  pole  of  the  generator  is  connected  with 
the  trolley  and  feed  wires,  the  current,  or  some  portion  of  it, 
having  once  strayed  upon  the  pipes  and  cable  tubes  lying  gener- 
allv  in  its  way,  tends  to  leave  them  at  all  outlying  points. 

In  the  second  case,  then,  the  destructive  erfects  of  electrolytic 
decomposition  tend  to  become  widely  distributed,  while  in  the 
former  case,  they  tend  to  concentration. 

A  superficial  examination  might  lead  to  a  superficial  conclusion 
that,  because  of  such  distribution  and  division,  the  arrangement 
in  which  the  minus  pole  is  placed  to  line,  is  under  all  conditions 
the  most  desirable  and  advantageous,  because  by  reason  of  such 
division  the  strength  of  current  leaving  the  pipes  at  any  one 
point,  would  be  relatively  small,  and  possibly  so  small  as  to  be 
nefflible  and  innocuous. 

On  the  other  hand,  under  the  arrangement  which  provides  that 
the  plus  pole  shall  be  to  line  (if  pipes,  or  lead  covered  cables 
enter  at  all  into  the  question),  a  current  of  very  considerable 
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volume  may  be  ooncentmted  in  a  very  small  area  of  space,  and 
is  liable  to  bring  about  in  an  extremely  brief  time,  intensely 
destructive  corrosive  effects  at  points  within  such  circumscribed 
space. 

I  do  not  say  that  because  the  first  named  conclusion  is  super- 
ficial, it  is  under  all  conditions  incorrect,  and  conditions  can 
readily  be  conceived,  such  as  those  concerned  in  the  operation 
of  a  railway  in  a  small  place,  or  on  a  lightly  traveled  trunk  line, 
where  it  might  even  present  preponderating  advantages. 

It  seemSjTiowever  certain,  that  for  city  work,  and  under  all 
conditions  where  traffic  is  heavy,  and  cars  numerous,  and  current 
consequently  of  great  volume,  it  is  (so  far,  at  least,  as  this  pheno- 
menon of  destructive  decomposition  is  concerned)  infinitely  more 
advantageous  to  connect  the  plus  pole  of  the  generator  to  the 
line,  and  thus  concentrate  the  electrolytic  effects  to  a  limited  area 
near  the  source  of  current,  where  it  can  readily  be  located  and 
where  preventive  as  well  as  remedial  measures  can  be  applied 
conveniently. 

I  am  heartily  in  accord  with  the  propositions  of  the  paper, 
and  do  not  doubt  that  the  familiarization  of  our  minds  with  this 
important  subject  will  be  productive  of  beneficent  result. 

A  Member': — I  would  like  to  ask  Mr.  Farnham  what  he  esti- 
mates would  be  the  relative  cost  of  the  overhead  copper,  and  the 
cost  of  the  underground  copper  to  properly  protect  a  system 
such  as  the  Boston  system,  relative  to  the  overhead  structure,  in- 
cluding the  bond  wires.     Would  it  be  larger,  or  about  the  same  ? 

Mr.  Farnham  : — I  should  think  it  would  be  very  much  smaller. 
As  I  have  shown  you,  the  danger  district  extends  only  a  com- 
paratively short  distance  from  the  station,  and  a  modeiutely  sized 
wire  will  overcome  any  trouble  in  that  district.  I  should  say  the 
amount  of  copper  to  prevent  the  trouble  would  be  very  small  as 
compared  with  the  overhead  system. 

A  Member  : — I  believe  that  in  Brooklyn  vou  use  overhead 
structures,  do  you  not,  for  the  return  {  Has  there  been  any  sign 
of  corrosion  near  to  it  ? 

Prof.  Plymton  : — It  is  different  for  different  roads.  They 
are  trying  all  sorts  of  things.  That  is  one.  I  think  there  has 
been  no  corrosion.  But  the  time  has  been  too  short  to  announce 
it  a  success.  ' 

Mr.  Farnham  : — I  want  to  add  one  more  word.  Allusion  is 
made  again  to  the  possible  advantage  of  putting  the  positive 
side  of  tlie  trolley  to  the  ground  in  small  places.  I  will  simply 
call  your  attention,  as  some  of  the  members  may  wish  to  look 
up  the  matter,  to  the  English  communication.  It  is  in  the 
London  Electrical  Engineer  of  April  6,  1894.  The  writer  of 
the  article  states  his  assumption  of  fact  very  positively,  and  he 
also  uses  as  an  argument  that  this  method  will  cure  the  trouble, 
that  in  their  "  large  "  system  where  this  has  been  applied,  some- 
thing like  900  amperes  of  current  is  used  to  run  the  cars.     Now, 
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this  is  not  a  "  large  "  system  as  we  all  know.  Nine  hundred  am- 
peres is  a  small  amount  to  use  on  a  city  railway  system,  and  the 
fact  that  the  engineers  have  not  found  any  pipes  eaten  through 
since  they  made  this  provision  is  no  proof  at  all  that  the  action 
is  not  progressing.  I  do  not  believe  it  is  advisable  to  wait  until 
pipes  have  been  eaten  through,  before  we  know  whether  the 
thing  is  taking  place  or  not. 

I  would  like  to  say  one  other  word  and  that  is,  that  while  a 
moderate  sized  wire  running  through  the  danger  district  will  re- 
move the  current  from  pipes  it  will  not  do  it,  of  course,  if  you 
extend  that  wire  indefinitely. 

If  you  extend  the  return  wire  throughout  the  entire  railway 
district,  and  connect  it  at  frequent  points  to  the  water  or  other 
pipes,  as  I  understand  has  recently  been  done  in  Milwaukee,  you 
may  prevent  a  difference  of  potential  between  the  rails  and  the 
pipes,  but  you  will  not  wholly  prevent  a  difference  of  potential 
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between  the  pipes  and  tlie  earth.  You  will  simply  transfer  the 
action  from  the  pipes  near  the  power  station  to  those  in  more 
distant  territory ;  for  in  this  case,  the  current  will  naturally  leave 
the  pipes  at  the  same  point  it  now  leaves  the  rails,  though  in  a 
less  quantity  (see  Fig.  21). 

Imagine,  now,  an  opposite  extreme :  the  return  wire  from  the 
rails  is  made  small,  or  removed  altogether,  while  the  return  wire 
from  the  pipes  extends  over  the  danger  district.  You  will  see 
the  current  all  returns  by  the  pipes  and  pipe  return  wire ;  the 
current  passing  at  all  points  from  the  rails  through  the  earth  to 
the  pipes,  raises  the  potential  of  the  earth  above  that  of  the  pipes 
and  so  assures  protection  to  the  latter. 

This  is  an  extreme  measure  and  may  never  be  necessary,  but 
should  it  be  found  so,  as  the  railway  companies  cause  the  trouble, 
it  is  to  be  presumed  tfiey  will  be  willing  by  such  means,  to  trans- 
fer the  electrolytic  action  from  pipes  to  the  rails. 

Pbof.  Houston  : — I  think  one  of  the  most  interesting  points 
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that  has  been  brought  forward  in  this  paper  to-night,  and  one 
which  has  surprised  me  very  much  is  the  exceedingly  small  po- 
tential difference  which  the  paper  states  has  been  necessary  to 
effect  electrolysis,  namely,  that  a  fraction  of  a  volt  difference  of 
potential  between  the  pipes  and  the  damp  earth  surrounding' 
them  is  sufficient  to  induce  the  action.  It  mav  be  true  that 
electrolytic  corrosion  did  occur  on  portions  of  the  sheath  that 
showed  a  potential  difference  between  the  sheath  and  the  ground 
in  the  vicmity  "  of  never  n^ore  than  half,  and  usually  less  than 
a  quarter  of  a  volt."  But  it  seems  to  me  that  an  error  was 
clearly  made  here,  of  not  taking  into  account  the  potential  dif- 
ference between  the  cable  and  the  dynamo  at  work  upon  the 
lead  sheath  through  the  total  resistance  of  the  gi'ound.  1  am  the 
more  readv  to  believe  that  there  is  some  error,  or  misunderstand- 
ing possibly  on  my  part  here,  for  I  know  that  to  effect  the  dis- 
integration of  lead  electroly tically  in .  a  storage  cell,  requires  a 
potential  difference  sufficient  to  electrolyze  tne  water,  namely, 
over  two  volts.  If  it  be  true  that  tliis  small  potential  difference 
can  electrolyze  lead,  then  I  would  like  to  know  it,  for  I  believe 
that  practical  application  could  be  made  of  this  in  the  storage 
battery.  I  think  it  is  reasonable  to  suppose  that  where  a  frac- 
tion of  a  volt  is  discovered  between  the  sheathing  of  the  cable 
and  the  ground  close  by,  that  many  times  this  fraction  would 
exist  between  the  sheathing  and  the  ground  at  the  dynamo  ter- 
minals. Of  course,  if  actual  measurement,  as  Mr.  Farnham  has 
said,  of  one  one-hundredth  of  a  volt  can  produce  electrolytic 
corrosion  of  lead,  why  there  is  nothing  to  be  said  against  actual 
measurement.  I  should,  however,  look  very  carefully  at  the 
source  used,  and  the  method  by  which  the  experimenter  assured 
himself  that  he  did  not  actually  limit  the  potential  difference  to 
the  small  fraction  stated. 

Mr.  Farnham  : — I  might  say  in  reply  to  this,  some  of  the  text- 
books inform  us  that  we  cannot  produce  that  action  under  less 
than  1.4  volt  or  something  like  that.  But  Mr.  Lee,  the  chemist 
of  the  American  Bell  company,  to  whom  I  referred  in  the  paper, 
made  some  very  careful  tests,  and  I  have  reason  to  believe  that 
he  is  a  man  of  sufficient  knowledge  to  perform  them  accurately, 
and  he  tells  me  that  he  has  produced  the  action  easily  by  .01 
of  a  volt  and  less.  Now  the  reference  which  I  made  to  cables  in 
the  test,  in  which  it  was  said  that  the  voltage  was  usually  less  than 
one-half  volt,  sometimes  less  than  one-quarter,  I  know  nothing 
about,  except  the  report  that  was  given  to  me.  I  know  in 
our  own  case  we  make  the  measurements  where  cables  have  been 
corroded,  between  the  cable  sheath  and  the  ground,  exactly  where 
they  lay  on  the  ground,  by  a  Weston  voltmeter.  I  know  that 
in  the  case  of  the  experiment  which  I  shgwed  you  through  the 
lantern,  where  lead  was  corroded  in  three  weeks'  time,  we  took 
the  voltage  between  the  two  terminals  at  the  test  tube  in  which 
the  lead  wires  were  placed  before  they  were  connected,  that  is, 
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without  their  beine  dipped  in  the  water.  We  took  measure- 
ments there  every  day  and  found  it  less  than  one-half  volt.  You 
can  easily  perceive  the  action  that  has  gone  on  there.  The  lead 
wires  were  immersed  in  hydrant  water  without  any  acid,  salt  or 
any  other  condition  to  induce  or  help  the  action — not  distilled 
water  but  such  water  as  we  draw  from  our  Boston  waterworks. 
So  you  see  it  is  true  that  while  it  does  require  a  volt  or  more  to 
electrolyze  or  decompose  water  in  the  ordinary  meaninff,  we  do 
get  the  action  on  lead  and  iron  pipes  with  very  much  less  pres- 
sure. 

Dr.  Leonard  Waldo: — I  think  this  is  a  very  interesting 
paper,  and  contains  a  great  deal  of  valuable  information.  The 
coal  miners  have  had  much  trouble  in  keeping  their  valves  from 
disappearing  and  their  pipes  from  being  eaten  up,  and  inasmuch 
as  we  have  been  interested  in  the  metallurgy  of  that  sort  of 
thing  lately,  we  have  looked  into  the  question.  In  several  in- 
stances we  have  had  valves,  parts  of  pumps  and  similar  articles 
sent  to  us  from  the  depths  of  the  mine,  and  several  gallons 
of  the  water  which  was  supposed  to  do  the  mischief  sent  alonff 
with  them.  We  boiled  the  water  holding  specimens  of  the  metal 
of  which  the  valves  were  made,  and  exposed  the  specimens  for 
weeks  at  a  time,  with  no  chemical  action  at  all  on  the  metal 
similar  to  that  used  in  the  valves  or  in  the  pipes.  When  you  in- 
sert an  iron  pipe  and  connect  the  two  specimens  through  a  volt- 
meter, you  will  get  a  very  rapid  disintegration  of  one  pipe  or 
the  other,  and  you  get  an  indication  of  anywhere  from  lour  to 
six-tenths  of  a  volt.  It  is  my  observation  that  very  efficient  de- 
terioration of  these  underground  materials  of  different  potential 
takes  place  with  differences  under  half  a  volt.  There  is  another 
(Question  which  has  come  up  in  our  minds  and  I  have  not  heard 
it  touched  upon  to-night,  but,  I  think,  it  is  a  fundamental  question 
in  talking  about  deterioration  of  metals  under  electrolytic  or 
acid  or  water  action.  The  lead  which  our  friends  use  for  sheath- 
ing cable  is  probably  over  95  per  cent,  lead,  but  it  certainly  is 
anything  but  pure  lead,  and  the  secondary  couples  that  are 
formed  with  antimony  or  the  other  impurities  that  the  lead  con- 
tains when  brought  in  close  contact  with  the  acid  waters,  eyen 
having  a  very  small  percentage  of  acid  in  them,  produce  a  cor- 
rosion of  the  surface,  which  I  do  not  see  any  way  of  taking  account 
of.  The  difference  between  a  copper  pipe  containing  a  tenth  of 
a  per  cent,  of  certain  impurities  and  containing  one  per  cent,  of 
the  same  impurity  is  very  great.  But  it  is  no  greater  than  that 
which  contams  none  at  all,  and  that  which  contains  one-tenth  of 
one  per  cent.  In  all  these  questions,  therefore,  of  rapid  dete- 
rioration of  pipe  and  that  sort  of  thing,  I  think,  the  most  import- 
ant consideration  will  have  to  be  given  to  the  actual  corrosion 
which  occurs  because  of  the  molecular,  chemical  and  electri- 
cal action  which  take  place  between  the  metal  and  its  own  im- 
purities.    As  to  the  small  voltages  existing,  and  having  the  effect 
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of  corroBion,  I  think  any  one  who  has  actually  made'  measures 
on  those  pipes  in  position,  with  and  without*  the  presence  of 
electrical  action  is  quite  prepared  to  testify  that  the  smaller  volt- 
ace  and  the  corrosion  of  the  pipes  are  present  at  the  same  time ; 
whether  the  corrosion  is  wholly  due  to  the  action  of  the  current 
on  the  principal  metal  alone  or  not  is  qnite  another  question. 

DiL  UHAS.  E.  Emery  : — I  did  not  think  the  subject  of  the  cor- 
rosion of  steam  and  water  pipes  underground  appropriate  to  this 
discussion,  until  the  last  speaker  mentioned  tne  influence  of 
various  conditions  on  the  rate  and  nature  of  corrosion.  In  that 
connection  I  will  say  that  it  is  found  in  practice  that  a  steam 
pipe  covered  with  a  non-conductor,  and  maintained  at  a  tempera- 
ture of  250°  to  300°  F.  will  not  corrode  underground,  whereas 
a  hot  water  return  pipe  similarly  covered  and  kept  at  about  212^ 
corrodes  very  rapidly.  The  corrosion  is  external  and  appears  to 
be  ordinary  rust.  A  study  of  the  phenomena  indicates  tliat 
there  is  a  critical  temperature  where  the  gases  in  the  soil  act 
more  intensely  than  at  other  temperatures.  Apparently  ordi- 
nary carbonic  acid  gas  has  the  most  important  mfluence.  It 
appears,  therefore,  tliat  the  temperature  should  be  considered 
in  connection  with  the  other  influences  on  corrosion  which  have 
been  mentioned. 

[Adjourned.] 


1894,]  DISCUSSION m NEW  YORK.  227 

[Communicated  after  adjournment  by  Prof.  Elihu  Thomson.] 

Very  early  in  the  history  of  street  railways  in  Boston,  I  had 
conferences  with  Mr.  F.  S.  Pearson,  of  the  West  End  road  and 
others,  concerning  the  means  to  be  employed  for  preventing  elec- 
trolytic action  on  pipes  and  other  metal  stnictnres  underground. 
Reversing  the  current  at  intervals  was  suggested  and  tried,  but  it 
soon  became  evident  that  this  would  only  shift  the  areas  of  action 
and  no  restorative  effect  or  plating  of  corroded  metal  could  be  ex- 
pected. It  soon  became  evident  that  if  the  current  could  always  be 
made  to  enter  the  metal  pipes,  etc.,  from  the  ground,  and  leave 
them  by  metallic  connections  to  track  or  to  returns,  tl)e  protec- 
tive action  of  the  current  with  the  pipes,  etc.,  as  cathodes,  might 
be  beneficial,  and  as  JVIr.  Farnham  has  ably  shown  in  his  very 
interesting  paper,  this  is  the  principle  which  has  given  the  best 
results  in  practice.  Indeed  may  we  not  be  justified  in  expecting 
that  in  many  cases  the  natural  corrosion  may  be  even  arrested  by 
the  nascent  hydrogen  set  freo  at  the  cathode,  or  by  the  negative 
polarization  of  the  pipes  with  respect  to  earth  ? 

Could  every  line  of  pipe  l)e  relied  upon  as  a  complete  conduc- 
tor without  bad  joints,  the  pn^blem  of  protection  would  be  much 
simplified,  but  the  current  in  crossing  a  bad  joint  in  a  line  of 
pipe  will  undoubtedly  be  partly  shunted  through  the  earth  around 
the  resisting  joint,  and  cause  corrosi*  n  to  a  greater  or  less  extent. 
Again,  if  in  a  line  of  pipe,  every  joint  was  of  poor  conductivity 
there  would  be  very  liitle  chance  of  corrosion  by  electrolysis,  as 
the  pipe  line  would  not  offer  any  good  path  for  current. 

Earnest  endeavors  will  be  made  in  the  present  year  to  prove 
the  practicability  of  continuous  rails  electrically  welded  in  place. 
In  cities  this  would  give  a  network  containing  a  vast  amount  of 
metal  in  the  rails,  acting  as  a  conductor  for  the  return  current. 
Such  a  track  system,  or  even  a  track  system  well  bonded,  would, 
if  worked  with  a  zone  system,  in  which  successive  zones  of  trol- 
ley conductor  are  made  positive  atid  negative  respectively,  re- 
move all  possibility  of  trouble,  but  might  increase  the  risk  in 
the  accidental  crossing  of  wires  on  the  trolley  conductors.  Another 
system  of  working  which  would  remove  most  of  the  difficulty  in 
our  cities,  would  be  the  employment  of  potential  reducing  motor 

fenerators  at  various  points  over  the  area,  the  high  potential  side 
eing  fed  direct  from  the  power  station  by  metallic  circuit,  and 
with  either  alternating  or  continuous  currents,  as  found  most  ex- 
pedient; while  the  low  potential  S'de,  600  volts  or  less,  would  go 
to  trolley  wire  and  track  respectively.  In  this  case  the  return 
current  would  never  have  to  travel  very  far,  and  the  drop  on  the 
whole  system  would  be  much  lessened.  Copper  would  be  saved 
and  the  congested  districts  could  be  readily  supplied  with  a  lower 
potential  than  the  high  speed  outlying  districts.  If  alternating 
currents  were  need  from  the  power  station  to  the  motor  gene- 
rators, the  generators  in  the  station  could  be  made  of  very  large 
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capacity,  gay  5,000  h.  p.  in  a  large  city,  and  the  motor  generators 
could  range  from  200  to  500  according  to  the  density  of  traffic, 
etc.  I  mention  these  facts  to  show  that  avoidance  of  all  electro- 
lytic corrosion  is  within  the  capabilities  of  electrical  engineering, 
while  still  retaining  the  continnous  current  hiotors  on  the  cars, 
and  the  single  overhead  trolley  wire.  It  is  even  possible  that 
considerable  economy  of  transmission  might  be  secured  over  the 
direct  supply  systems  as  now  used. 
Swampdcett,  Mass.,  April  17,  1894. 


[Communicated  after  Adjournment  by  Hermann  Lemp,  Jr.] 

The  paper  read  by  Mr.  Famham  has  a  great  value  as  it  gives 
in  a  clear  and  concise  manner  facts  found  under  every  day  work- 
ing conditions.  Not  only  can  we  by  its  study  analyze  the  vari- 
ous causes  producing  the  deleterious  effects  of  electrolysis,  but 
we  can  follow  step  by  step  the  means  employed  and  the  effects 
produced  for  combating  these  evils. 

In  the  conclusions  reached  by  the  author  a  few  vacancies  are 
left  which  it  seems  are  all  well  worth  considering. 

Two  principal  causes  are  apparently  considered  as  unavoidable, 
which  to  me  seem  to  be  the  contrary.  Mr.  Vail,  in  his  paper 
before  the  National  Electric  Light  Association,  has  taken  the  same 
ground.     They  are : 

1st.  There  should  be  no  ground  connection  established  from 
dynamos  at  power  station,  in  fact  all  precautions  taken  to  prevent 
even  accidental  ones. 

All  connection  between  dynamos  and  track  should  be  made  by 
means  of  well  insulated  feeders,  such  as  are  used  in  any  properly 
constructed  lighting  system. 

2nd.  The  track  itself  ought  to  be  as  nearly  as  possible  €^ne  con- 
tinuous rail. 

The  leakage  currents  which  are  to-day  causing  all  the  mischief, 
are  mostly  due  to  insufficient  carrying  capacity  of  the  track,  not 
of  the  rails  themselves  but  of  the  joints  between  the  rails.  When 
copper  bonds  are  used,  the  unequal  expansion  of  the  two  metals 
soon  produces  a  loosening  of  the  joint,  increased  resistance  and 
finally  complete  deterioration.  To  this  is  added  the  electrolytical 
effect  between  the  copper  and  iron. 

Iron  bonds,  on  the  contrary,  have  to  be  made  so  large  to  be  of 
any  use,  that  the  vibration  of  the  passing  cars  loosens  them  with 
the  same  result  as  with  copper.  In  the  discussion  following  Mr. 
Vail's  paper,  mention  was  made  several  times  of  the  electrically 
welded  track. 

Having  been  intimately  connected  with  the  experiments  carried 
out  in  Cambridge  during  last  summer  and  winter,  I  think  a  few 
remarks  in  reference  thereto  will  be  interesting  at  the  present 
time. 

The  tracks  experimented  upon  were  all,  before  any  welding 
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was  done,  condemned  by  the  West  End  Co.  The  process  was, 
therefore,  expected  to  save  them.  The  original  method  consisted 
in  welding  two  U  shaped  yokes  on  either  side  of  the  joint  through 
the  web  of  rail.  Experiments  have  proven  that  from  90  to 
110,000  lbs.  was  the  highest  tensile  strength  that  could  be  ob- 
tained on  such  joints  by  this  device. 

Of  the  welds  made  on  Main  street,  Cambridge,  about  10  per 
cent,  have  broken  through  the  winter,  leaving  quite  a  number  of 
uninterrupted  sections  of  600  feet  and  even  one  of  1,000  feet.  It 
was  soon  discovered  that  the  method  of  welding  first  used  was 
not  guite  satisfactory,  as  it  produced  a  local  strain  in  the  rail  hj 
heating  only  the  web  part  of  the  rail  to  a  welding  heat.  Experi- 
ments were  made  at  once  with  a  view  of  welding  the  rails  right 
at  th^  joint  and  extendingover  the  whole  surface  of  the  rail,  in- 
cluding rail  and  foot.  By  this  process  a  tensile  strength  of 
279,000  lbs.  could  be  obtained  where  one  of  100.000  only  was 
possible  before. 

Allowing  for  maximum  variation  in  temperature  experienced 
in  our  climate,  it  was  found  that  150,000  lbs.  would  be  sufficient 
to  withstand  any  strain  brought  upon  the  rails  through  contrac- 
tion and  expansion  alone. 

The  season  being  already  far  advanced  when  these  experiments 
were  concluded,  only  a  part  of  the  track  in  Cambridge  could  be 
provided  with  the  new  joints.  Every  one  of  these  welds  stood 
through  the  winter  without  a*«bj:eak,  with  the  exception  of  one 
which  broke  the  day  it  was  made  and  showed  poor  workmanship. 
A  heavy  snow  storm  setting  in  at  that  time  prevented  its  being 
repaired. 

From  all  the  experiments  made  up  to  date  we  can  draw  the 
following  conclusions : 

1st.  A  continuous  rail  can  be  used  for  electric  street  rail-car 
practice  with  absolute  safety  if  an  expansion  joint  is  inserted 
every  600  feet. 

2nd.  A  continuous  rail  can  probahly  be  used  without  any  ex- 
pansion Joint  by  using  the  latest  method  of  welding. 

3rd.  The  electric  conductivity  of  any  joint  is  as  great  as  the 
rail  itself. 

4th.  All  joints  being  of  the  same  material  and  continuous  even 
when  elastic,  will  not  change  by  vibration,  heating  or  electrolysis. 

6th.  By  frequently  cross  connecting  the  rails — making  up  a 
track  of  electrically  welded  joints,  any  trouble  from  interruption 
in  the  track  can  be  obviated. 

6th.  The  resistance  of  the  feeders  from  track  to  power-house 
is  immaterial  aside  from  economy^  provided  the  ground  in  power- 
bouse  is  taken  off. 

In  conclusion  I  will  say  that  Mr.  A.  J.  Moxham,  President  of 
the  Johnson  Co.,  who  has,  and  is  carrying  out  all  these  experi- 
ments, has  such  faith  in  the  ultimate  success  of  the  electric 
welding  of  rails  that  through  his  instructions  three  machines  will 
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shortly  be  in  operation  to  weld  one  double  track  from  Marcy 
Avenue,  Brooklyn,  to  Manhattan  Beach,  a  total  of  35  miles  of 
track,  also  seven  miles  in  St.  Louis,  and  other  orders  for  this  work 
are  pending. 

The  Chicago  Meeting,  April  25th,  1894. 

The  corresponding  meeting  of  the  Institute  at  Chicago  was 
held  on  April  25th,  one  week  later  than  the  New  York  meeting, 
owing  to  tne  fact  that  Mr.  Farnham's  paper  was  accompanied  by 
a  large  number  of  lantern  slides,  which  it  was  not  convenient  to 
reproduce  for  simultaneous  use  in  Chicago.  The  meeting  was 
held  as  usual  at  the  rooms  of  the  Armour  Institute,  where  Pro- 
fessor Stine  kindly  gave  the  use  of  the  necessary  lantern,  and 
provided  other  needed  apparatus.  The  meeting  was  well 
attended,  the  total  number  present,  including  members  and 
guests,  being  more  than  60.  The  meeting  was  called  to  order  hj 
the  Local  Honorary  Secretary  and,  upon  motion  of  Mr.  B.  J. 
Arnold.  Lieut.  Samuel  Rodman,  Jr.,  was  appointed  Chairman. 

Mr.  Farnham's  paper  was  read  by  Mr.  A.  V.  Abbott,  the  Chief 
Engineer  of  the  Chicago  Telephone  Company.  A  number  of 
slides,  not  included  in  tne  illustrations  of  the  paper  itself,  were 
placed  upon  the  screen,  showing  sections  of  corroded  pipe  from 
various  cities.  After  the  reading  of  the  paper,  the  discussion 
was  opened  bv  Mr.  B.  J.  Arnold. 

Mr  B.  J.  Arnold  : — We  all  remember  the  trouble  which  was 
caused  about  five  or  six  years  ago  by  the  action  of  the  electric 
railway  current  upon  tne  telephone  wires,  through  induction, 
which  rendered  speech  almost  inaudible  over  many  of  the  tele- 
phone lines,  and  created  a  very  general  agitation  throughout  the 
country.  The  telephone  companies,  after  much  ineffectual  argu- 
ment with  electric  railway  oflicials,  city  councils  and  others, 
finally  met  the  issue  squarely,  and  applied  the  heroic  and  effective 
remedy  of  a  complete  metallic  circuit,  which  very  largely  elim- 
inated the  trouble.  It  now  seems  that  after  the  rival  interests 
have  satisfactorily  settled  that  subject,  that  the  telephone  compa- 
nies have  encountered  a  new  difficulty  which  threatens  to  be 
much  more  serious  than  the  former. 

In  my  judgment  this  question  should  be  met  in  a  fair  spirit  by 
the  railway  companies  and  some  means  proposed  and  adopted 
that  will  not  compel  the  telephone  companies  to  stand  practically 
the  entire  expense  of  the  necessary  changes,  as  they  did  in  the 
former  case.  It  should  be  borne  in  mind  also  by  the  railway 
companies  that  the  telephone  people  are  not  the  only  ones  who 
will  rise  up  in  their  wrath  against  this  new  trouble,  as  it  is 
equally  detrimental  to  the  water  mains  and  the  lead  pipes  of  the 
water  companies,  the  gas  pipes  and  other  metallic  underground 
constructions. 

The  subject  of  electrolytic  action  of  the  railway  current  on 
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anderground  pipes  and  conductors  is  now  being  agitated  in 
almost  all  cities  where  railways  have  been  running  long  enough 
for  the  destractive  effect  of  tne  current  to  make  itself  known, 
and  it  will  not  be  long  before  we  shall  hear  from  it  in  our  own  city, 
if  the  many  ordinances  now  being  considered  by  the  Council  are 
passed  without  some  stipulations  regarding  the  construction  and 
carrying  capacity  of  the  rail  return  circuit  of  the  roads  which  the 
companies  propose  to  build  under  these  franchises.  In  my  judg- 
ment there  is  no  reason  why  an  electric  road  cannot  be  built  so 
as  to  almost  effectually  prevent  the  destructive  electrolytic  action 
that  has  been  pointed  out  to  us  to  night. 

The  original  method  of  constructing  the  return  circuit  of  the 
electric  railways  was  to  join  the  ends  of  the  rails  with  No.  4  bond 
wire,  depending  upon  this  and  the  fish  plates  for  whatever 
metallic  circuit  was  necessary,  and  the  earth  to  make  up  for  the 
lack  of  metal. 

The  idea  of  the  supplementary  wire  was  not  contemplated  on 
the  first  roads,  but  as  the  small  bond  wires  soon  became  eaten  off 
or  broken,  they  were  found  inadequate,  and  a  N"o.  0  copper  bond 
wire  was  added  to  supplement  the  rails. 

Examination  in  some  cases  has  shown  that  the  supplementary 
wire  has  disappeared  entirely  after  a  few  years'  use,  which 
resulted  in  the  abandonment  of  it  entirely,  and  the  adoption  of 
the  larger  bond  wires  between  the  ends  of  the  rails.  It  is  now 
customary  to  use  a  No.  0  wire  to  bond  the  rails  with,,  and  depend 
upon  the  rails  alone  for  the  return  circuit.  I  am  of  the  opinion 
that  if  the  rails  are  supplemented  by  a  system  of  feeders,  so  that 
the  resistance  of  it  is  not  greater  than  that  of  the  out-going  cir- 
cuit, and  tlie  rails  joined  "with  a  bond  equal  in  conductivity  to 
the  rail  itself,  which  is  most  effectually  accomplished  by  welding 
the  rails  together  electrically,  that  the  entire  difficulty  caused  by 
electrolysis  will  disappear.  The  Pennsylvania  Eailroad  Company 
has  had  a  section  of  the  track  with  the  rails  welded  together,  in 
operation  for  some  months,  and  on  the  Baden  and  St.  Louis  li. 
R.  of  St.  Louis,  rails  are  now  being  welded  together  by  electric- 
ity, for  use  as  the  return  circuit  of  an  electric  road,  and  we  shall 
look  for  the  results  of  this  experiment  with  interest. 

The  suggestion  made  by  the  author  of  the  paper  to  attach 
feeders  to  tne  water  pipes  near  the  power  station  is  a  good  one, 
and  should  be  adopted  in  all  cases. 

The  suggestion  of  Professor  Thomson  of  the  application  of 
motor  transformers  for  the  purpose  of  relieving  unequal  poten- 
tials seem  to  be  impracticable  to  construct,  as  well  as  difficult  to 
look  after,  as  it  would  necessitate  numerous  electric  motors  run- 
ning in  various  parts  of  the  city,  the  location  of  which  would 
have  to  be  changed  from  time  to  time  to  correspond  to  the  fluc- 
tuating danger  line,  and  would  result  in  constant  expense  for 
maintenance  as  well  as  a  large  additional  equipment.  Tne  author 
of  the  paper  states  that  this  has  never  been  tried,  and  I  think  it 
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is  safe  to  assume  that  it  will  not  prove  practical  if  it  is  attempted. 

Mr.  A.  C.  Balch,  of  Portland,  Oregon,  in  a  communication  to 
one  of  the  railway  papers  recently,  described  the  method  of 
using  the  three  wire  system  on  the  electric  railway  in  that  city. 

The  trolley  is  divided  into  sections  of  about  one  thousand  feet 
in  length,  the  positive  wire  of  one  dynamo  being  connected  to 
one  section  and  the  negative  of  the  other  dynamo  to  the  adjoining 
section,  while  the  neutral  wire  is  connected  to  the  rails.  It  will 
be  noticed  that  with  this  arrangement  there  is  a  difference 
of  1,000  volts  between  the  adjoining  sections  of  the  trolley  wire, 
but  as  they  are  thoroughly  insulated  and  the  motor  cars  pjass 
from  one  section  to  the  other  quickly,  there  seems  to  be  no  diffi- 
culty caused  by  the  sudden  reversal  of  the  current  through  the 
motors  when  passing  from  one  section  to  another.  So  long  as  the 
cars  are  properly  distributed  on  the  line,  I  see  no  difficulty 
in  the*  operation  of  an  electric  railway  with  the  three  wire 
system,  but  if  the  cars  were  to  become  "  bunched,"  as  sometimes 
happens  in  large  cities,  the  feeder  wire  supplying  that  particular 
section  would  be  overworked,  although  I  do  not  regard  this  diffi- 
culty as  serious.  With  this  arrangement  the  electrolytic  action 
on  pipes  is  almost,  if  not  entirely,  avoided,  as  there  is  practically 
no  current  flowing  from  the  trolley  to  the  earth  when  the  road  is 
working  under  normal  conditions.  I  believe'^there  is  also  a  three 
wire  electric  road  in  operation  in  Bangor,  Maine,  and  so  far  as  I 
am  able  to  learn  it  is  working  with  entire  satisfaction. 

There  are  many  who  advocate  the  double  overhead  trolley 
system,  which  was  used  on  many  of  the  pioneer  electric  roads,  all 
of  which  have  been  abandoned,  so  far  as  I  know,  except  one  or 
two  roads  in  Cincinnati.  The  chief  difficulty  with  such  a  system 
is  the  complication  of  the  overhead  construction,  marring  the 
appearance  of  the  streets,  and  difficulty  in  operation  during  snow 
and  sleet  storms. 

If  the  alternating:  motor  ever  becomes  perfected  so  as  to  make 
it  applicable  for  electric  railroad  work,  our  grief  f hom  electrol- 
ysis will  cease,  but  unfortunately  this  millennium  seems  far 
away. 

I  have  a  communication  from  Mr.  Alex  Dow,  City  Elec- 
trician of  Detroit,  Michigan,  who  is  thoroughly  qualified  to 
speak  on  this  subject.  1  wish  to  submit  it  as  a  written  discus- 
sion from  him,  as  it  contains  valuable  data  concerning  the  con- 
dition of  potential  differences  existing  in  Detroit,  and  the  result 
of  the  consideration  of  the  subject  before  us  to-night,  reached  by 
the  municipal  engineers  of  Detroit. 

Detroit,  April  23,  1894. 
B.  J.  Arnold,  Esq.. 

Chicago,  Illinois. 

I  enclose  a  print  of  a  table  of  measurements  of  potential  differences  between 
the  railroad  tracks  and  other  underground  constructions  in  this  town. 
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TABLE    OF   THE   POTENTIAL    DIFFERENCES    EXISTING  BETWEEN  WATER 

AND  OTHER  PIPES  AND  THE  STREET  RAILWAY  RAILS, 

DETROIT,  MICH.,  MARCH  30th 

1894. 

Location. 

Sign. 

Observed  P 
Max.    Min. 

D. 
Mean. 

Remarks. 

Woodbridge  and  Antoine 

Water  pipe  positive 

0.4 

0 

0.1 

Observations  taken  on  a 
branch  track  to  car  bams 
about  70  feet  from  Sta- 
tion. 

Jefferson  and  Antoine 

Water  pipe  positive 
Gas  pipe  positive 

1-7 

4.0 

0.3 
1.3 

I.O 

a.o 

Observations  about  350 
feet  from  Station  and 
within  50  feet  of  connec- 
nection  to  a  return  or 
track  feeder.  Cars  pass- 
ing frequently. 

Jefferson  and  Ranaolph 

Water  pipe  positive 

1-3 

0.5 

0.6 

Distance  from  Station 
about  1,405  -feet.  Cars 
passing  frequently. 

Jefferson  and  Baldwin 

Rails  positive 

7.3 

0-3 

X.2 

DisUnce  from  Sution 
about  12,900  feet  of  which 

remainder  strap  rail. 

Jefferson  and  Holcombe 

Rails  positive 

9.8 

0.3 

a.o 

Distance  from  Station 
about  17,500  feet  of  which 
8,850  feet  is  of  TO  lb.  gir- 
der double  track. 

Jefferson  and  Cadillac 

Rails  positive 

29.5 

0.5 

4.6 

End  of  water  pipe  sys- 
tem. Distance  from  Sta- 
tion about  4  miles,  track 
continued  3  miles  fur- 
ther, single  track  60  lb. 
-  T  "  rail. 

Elmwood  and  Mack 

Rails  positive 

90^9 

0.1 

7.0 

Straight  line  from  end  of 
track  to  Station  11,000 
feet;  no  return  or  track 
feeder;  single  track. 
Strap  rails,  ^2  in.  water 
main  parallel  to  tracks. 
P.  D.  small  until  cars 
come  on  particular  rail 
to  which  wire  was  at- 
tached. 

Woodward  a  d  Canfield 

Rail  positive 

3.9 

1.5 

2.5 

Distance  from  Station 
about  io,2co  feet,  70  lbs. 
girder  rails. 

Champlatn  and  Seyburn 

"            " 

8-7 

o-S 

2.5 

Distance  from  Station  6 
miles. 

CharapUinand  Mt.  Eiliot 

i(           II 

7.2 

0.8 

1.8 

Distance  from  Station  5 
miles. 

The  tests  were  made  by  a  oommittee  of  the  Municipal  Engineers*  Association 
-with  the  view  of  learning  the  actual  state  of  affairs,  and  particularly  in  view  of 
street  railway  legislation  now  before  the  City  Council.  We  desired  to  know  the 
results  obtained  with  the  present  street  railway  constructions,  and,  if  it  ap- 
peared necessary,  to  ask  for  protective  clauses  in  the  street  railway  ordinances. 

The  Association  has  not  yet  acted  upon  the  committee's  report,  but  the  opin- 
ion of  the  members  seerns  to  be  in  favor  of  requiring  the  street  railway  company 
to  put  in  a  complete  return  circuit  of  such  efficiency  that  there  will  be  no  appre- 
ciable tendency  to  leakage  to  the  water  pipes,  underground  cables,  etc.,  for 
which  we  municipal  engineers  are  responsible. 
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We  admit  the  theoretical  possibility  of  connecting  our  constructions  with  the 
street  car  return  and  with  the  negative  pole  of  the  dynamo  so  as  to  maintain  a 
uniform  earth  potential  all  over  the  city  ;  but  we  conclude,  after  consideration 
of  the  different  depths  at  which  our  various  pipes,  etc.  are  laid  in  the  soil,  of 
the  different  ages  and  characters  of  the  said  pipes,  etc.,  and  of  the  varied  nature 
of  the  soil  itself,  that  carrying  out  the  theory  into  practice  will  be  very  difficult; 
so  that  we  are  minded  to  ask  for  restrictions  as  to  the  potential  difference  per- 
missible between  the  rails  and  neighboring  underground  constructions  such  as 
we  want  to  protect.  We  don't  entirely  believe  that  this  difference  of  potential 
is  a  measure  of  the  risk  of  injury  by  electrolysis,  Imt  we  are  positive  that  when 
the  potential  difference  is  inappreciable  the  return  circuit  of  the  railroad  com- 
pany is  sufficient  for  the  work  put  upon  it,  and  our  pipes  are  not  being  called  on 
to  assist  it  to  any  dangerous  extent. 

Alex  Dow,  City  Electrician. 

I  am  sure  that  we  have  all  been  very  much  benefited  by  the 
reading  of  Mr.  Farnham's  paper  and  the  excellent  manner  in 
which  Mr.  Abbott  has  presented  it  to  us  this  evening,  and  I  hop© 
that  it  will  result  in  a  thorough  discussion  by  the  members 
present. 

Mr.  Welles  of  the  Western  Electric  Company,  whose  name 
was  mentioned  by  Mr.  Farnham  in  his  paper,  was  present  and 
was  asked  to  contribute  to  the  discussion.  Mr.  Welles  in  reply 
said  : 

Mr.  a.  T.  Welles: — Not  being  a  member  of  the  Institute  I 
came  here  with  no  idea  of  being  called  upon  to  speak,  but  as  Mr. 
Farnham  has  quoted  me  as  saying  that  "  in  examining  the  first 
cases  in  Cincinnati "  I  found  never  more  than  one-half  volt  and 
generally  less  than  one-quarter  volt  current  on  the  underground 
cables  there,  I  wish  to  say  that  Mr.  Farnham  has  unintentionally 
misquoted  me,  as  was  also  the  care  in  the  interview  in  a  Cincinnati 
paper  which  brought  about  my  correspondence  with  him.  The 
statement  would  lead  you  to  suppose  that  some  electroly  tical  trouble 
had  developed  in  cables  laid  by  my  company  in  Cincinnati,  but 
this  is  not  the  case  as  far  as  I  know. 

In  December  last  a  cable  which  we  had  laid  in  Louisville  less 
than  a  year  ago  for  the  Ohio  Valley  Telephone  Co.  began  to  give 
out.  We  sent  a  cable  splicer  there  and  he  located  the  trouble  in 
two  sections  of  several  hundred  feet  each,  near  one  of  the  power- 
houses of  the  electric  street  railway.  About  Christmas,  Captain 
Gifford  telegraphed  my  company  requesting  that  Mr.  I^atterson 
or  myself  should  come  at  once  to  investigate  the  cause  of  the 
troulile,  and  I  was  sent.  I  found  that  the  two  sections  had  been 
partially  pulled  out  of  the  conduit  and  in  examining  the  pieces 
cut  off,  found  that  holes  were  partially  or  wholly  eaten  through 
the  lead  covering  at  regular  intervals.  These  holes  occurred 
every  18  inches  and  corresponded  exactly  with  the  joints  of  the 
vitrified  clay  conduit. 

With  Mr.  Maxwell,  the  electrician  of  the  telephone  company, 
I  made  a  number  of  potential  tests  in  the  manholes  near  the 
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{Jace  of  the  trouble  and  found  as  high  as  two  and  one-half  volts 
rom  the  cable  to  the  rail  of  the  trofley  road.  In  these  manholes 
there  were  also  gas  and  water  pipes  which  had  about  the  same 
voltage  as  the  cable.  I  also  made  40  or  50  tests  across  the  joints 
of  the  rails  with  a  voltmeter  reading  down  to  one-tenth  and  I 
think  we  could  have  noticed  one  one-hundreth  of  a  volt,  but 
there  was  not  the  slightest  movement  of  the  needle. 

These  tests  were  reported  to  Captain  Gifford,  who  then  called 
in  the  electrician  of  the  street  railway.  This  gentleman  ex- 
plained that  besides  having  the  rails  perfectly  bonded  at  their 
joints,  they  had  two  return  wires  of  No.  0  or  larger  copper  run 
underneath  the  rails  and  bonded  to  them  at  frequent  intervals. 

In  Louisville  the  underground  telephone  cables  run  from  all 
points  of  the  compass  into  the  company's  oiBce.  These  cables, 
some  30  in  number,  are  practically  bunched  at  or  near  the  ex- 
change, so  that  any  currents  coming  in  on  their  sheaths  can, 
without  trouble,  reach  those  of  such  cables  as  will  most  readily 
return  them  to  the  power-houses.  All  of  these  cables  run  par- 
allel with  trolley  lines  or  with  gas  or  water  mains  which  parallel 
the  trolley,  so  that  each  carries  to  the  common  point  more  or  less 
current.  Taken  singly,  these  currents  are  slight  and  would  prob- 
ably cause  no  trouble  ior  a  long  time  at  least,  but  one-half  or 
two-thirds  of  their  total  was  sufficient  to  eat  through  the  pipe  of 
tlie  cable  in  trouble  in  seven  or  eight  months.  At  present  there 
are  but  two  cables  which  run  from  the  exchange  to  points  near 
power-houses.  One  of  these  nms  to  a  point  within  a  block  or  so 
of  a  power-house  about  two  miles  from  the  exchange  in  one  di- 
rection, and  the  other  to  within  three  blocks  of  a  power-house  in 
the  opposite  direction.  The  first  one  giving  the  best  return  and 
also  running  for  a  long  distance  parallel  witli  a  trolley  line  and 
water  mains,  where  it  picked  up  additional  current  is  the  one 
which  gave  out.  Preventions  which  we  used  will,  I  suppose, 
save  the  other.  From  Louisville  I  went  to  Cincinnati  where  we 
had  laid  a  large  quantity  of  cable  for  the  City  and  Suburban 
Telegraph  Association.  Here,  with  Mr.  Robinson,  their  super- 
intendent of  construction,  I  made  a  large  number  of  voltmeter 
tests  between  the  cables  and  the  trolley-road  rails  in  different 
parts  of  the  city,  and  found  at  no  point  more  than  one-half  volt 
current  in  either  direction.  These  tests  led  to  the  interview  pre- 
viously mentioned.  Some  weeks  later  Mr.  Faruhaln  wrote  me 
that  he  had  read  an  "  interesting  "  interview  with  me  in  a  Cin- 
cinnati paper  and  asked  me  for  data  on  the  subject  of  electrolysis. 
As  the  mterview  as  published  is  rather  "  interesting  "  in  some 
respects,  I  will  read  it  if  you  will  allow  me. 

[Mr.  Welles  read  the  article  and  proceeded  as  follows :] 

I  simply  wish  to  make  one  other  statement.  Since  Mr.  Farn- 
ham  collected  the  data  for  his  paper,  we  have  run  across  another 
very  peculiar  case  of  electrolysis  in  Cleveland.  A  cable  which 
my  company  laid  there  in  January  last  for  the  Postal  Telegraph 
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Co.  was  reported  ae  liaving  given  out  entirely  about  two  weeks 
affo.  The  cable  ran  from  their  olRce  down  about  1,500  feet  and 
then  through  a  tunnel  about  80  feet  deep  under  the  river  to  a 
pole  on  the  opposite  side  near  a  manhole  at  the  mouth  of  the 
tunnel.  Through  this  tunnel  a  large  water  main  also  runs.  We 
sent  a  splicer  there  at  once  and  he  located  the  trouble  in  this 
manhole  where  he  found  the  cable  pipe  entirely  eaten  through. 

Mr.  L.  L.  Summers,  of  the  Postal  Company,  made  voltmeter 
and  ammeter  tests  at  this  place  and  found  18  or  19  volts  on  the 
cable,  and  also  on  the  wat«r  main  in  the  tunnel  and  45  amperes 
current.  The  cable  pipe  was  eaten  through  in  ten  weeks.  What 
is  going  to  become  ot  that  water  main,  and  what  is  going  to  be- 
come of  that  tunnel  1 

Pbof.  W.  M.  Stine  : — I  would  like  to  ask  Mr.  Welles  what 
conditions  he  found  where  they  were  using  the  double  trolley  in 
Cincinnati. 

Mr.  Welles  : — My  tests  were  made  on  New  Year's  Day, 
which  was  particularly  dry  and  clear.  This  probably  accounted 
for  the  very  low  potentials  found  on  the  cables.  On.  account  of 
the  intricate  system  of  water  and  gas  mains  running  close  to  the 
conduits,  and  often  through  the  manholes,  it  is  impossible  to  say 
whether  the  leakages  came  from  the  single  trolley  or  the  double 
trolley  system.  We  found  current  on  cables  wliich,  in  no  part 
of  their  circuit,  paralleled  either  system.  I  was  told,  however, 
that  in  rainy  weather  much  trouble  is  experienced  by  the  tele- 
phone company  on  account  of  the  splashing  of  mud  against  the 
car  motors  of  the  double  trolley  system,  which  often  brings 
down  200  or  more  drops  at  a  time  in  the  switchboard.  But  this, 
I  should  think,  is  simply  a  matter  of  construction  of  the  motors. 

Professor  D.  C  Jackson  of  the  University  of  Wisconsin  had 
sent  in  the  following  contribution  to  the  discussion  which  was 
read  by  the  secretary. 

[Communicated  by  Paul  Biefeld  and  Fred.  D.  Silber.J 

Having  made  an  extended  series  of  experiments  relating  to  the 
subject  of  Mr.  Farnham's  paper,  we  desire  to  present  some  of 
the  results  of  our  investigation  as  carried  on  in  the  laboratories 
of  the  University  of  Wisconsin,  and  along  the  line  of  the  electric 
railway  of  Madison,  Wisconsin,  under  the  direction  of  Professor 
Dugald  C.  Jackson. 

This  railway  line  has  been  in  operation  for  about  a  year  and  a 
half,  having  nine  cars  in  service,  but  no  troubles  due  to  corro- 
sion have  shown  themselves  thus  far.  Measui'cments  of  potential 
between  water  pipes  and  rails,  near  power  station,  show  a  diiler- 
ence  of  4^  to  5|^  volts,  water  pipe  being  positive  to  rail,  and  2^ 
to  3i  volts  between  water  pipe  and  the  earth  near  the  rail,  water 
pipe  being  positive  to  earth.  The  potential  revei*sed  at  a  dis- 
tance of  from  1,600  to  1,800  feet  trom  the  station,  the  range 
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being  zero  to  four  volts  outside  of  this  neutral  zone,  the  water 
pipes  being  negative  to  rails  and  eartli.  Samples  of  soil  were 
taKen  from  pomts  along  the  line,  and  subiected  to  electrolysis 
between  iron  plates,  when  the  anode  showed  a  loss  ranging  from 
.7  to  1.15  grams  per  ampere  hour,  the  cathode  remaining  un- 
changed. 

Experiments  are  at  present  in  progress  to  determine  the  actual 
current  flowing  between  pipe  and  rau.  This  is  done  by  means  of 
a  modified  form  of  a  copper  voltameter  devised  for  this  purpose. 
A  water-tight  box  containing  a  solution  of  copper  sulphate  is 
buried  in  the  ground.  This  box  Jias  for  two  of  its  opposite  sides, 
facing  the  pipe  and  rail  respectively,  double  copper  plates,  of 
which  the  inside  ones  are  weighed.  The  gain  of  cathode  will 
then  give  in  the  usual  way  an  integral  measure  of  the  current. 
The  slmnting  effect  of  the  voltameter  of  low  resistance,  will  in- 
troduce only  a  small  error,  as  the  distance  between  pipe  and  rail 
is  comparatively  great.  Having  thus  found  the  average  current 
flowing,  and  knowing  the  loss  of  anode  per  ampere  hour,  a  fair 
estimate  can  be  made  of  the  loss  of  metal  from  the  pipe  per 
month. 

A  series  of  experiments  to  determine  the  minimum  potential 
at  which  corrosion  may  go  on  between  iron  plates,  showed  that  a 
mere  directive  force  was  needed  ;  the  potential  having  been  re- 
duced to  .001  of  a  volt,  electrolytic  action  still  went  on.  In  each 
case  the  action  was  manifested  by  the  formation  of  a  ferrous  salt 
at  the  anode,  and  the  hydroxide  of  the  alkaline  metal  at  the 
cathode.  This  phenomenon  shows  at  once  the  cause  of  the  cor- 
rosion. The  main  object  of  our  investigation  has  indeed  been 
to  determine  exactly  what  goes  on  in  an  electrolytic  cell  under 
parallel  conditions  to  those  lound  in  practice. 

Whenever  iron  electrodes  were  used  with  soil  or  sand  contain- 
ing small  quantities  of  soluble  salts  in  solution,  a  layer  of  ferrous 
hydroxide  was  invariably  formed  at  some  point  between  the  two 
plates.  The  earth  used  was  found  to  contain  small  quantities  of 
chlorides  and  sulphates  of  the  alkaline  metals,  and  showed  no 
trace  of  soluble  iron  salts  or  alkaline  action,  before  electrolysis. 
After  the  current  was  put  on,  ferrous  salt  began  to  be  formed  at 
the  anode  spreading  toward  the  cathode ;  the  hydroxide  of  the 
alkaline  metal  was  formed  at  the  cathode  spreading  toward  the 
anode ;  where  the  two  met,  a  layer  of  ferrous  hydroxide  was 
precipitated,  recognized  at  once  by  its  dirty  green  color. 

In  all  these  cells  a  peculiar  heating  effect  was  noticed,  reach- 
ing a  maximum  in  the  ferrous  hydroxide  layer,  and  diminishing 
in  general  toward  the  electrodes.  Measurements  of  potentitS 
taken  within  the  cell  at  different  points  between  the  plates 
showed  the  greatest  difference  of  potential  at  the  zone  of  maxi- 
mum temperature,  and  a  diminishing  difference  in  the  same  way 
as  the  thermometer  had  shown  a  fall  in  temperature.  It  must 
be  stated  here  that  the  readings  of  potential  were  taken  when 
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no  appreciable  heating  effect  was  noticed,  only  a  very  small  and 
constant  current  flowing  at  that  time.  These  "observations  show 
that  the  unequal  heating  was  caused  by  unequal  resistances  in 
different  parts  of  the  cell  due  to  the  formation  of  the  hydroxide 
layer,  together  with  the  unequal  concentration  of  the  iron  salt 
and  the  alkaline  hydroxide,  which  diffuse  toward  the  point  where 
the  precipitate  of  iron  hydroxide  is  formed. 

A  similar  variation  of  temperature,  only  much  less  marked, 
showed  itself  in  a  cell  containing  pure  sand  (practically  free 
from  soluble  salts)  and  distilled  water.  The  platinum  electrodes 
were  six  cm.  apart,  500  volts  were  used  and  a  current  of  one  am- 
pere sent  through.  Oxygen  and  hydrogen  were  given  off  at  the 
positive  and  negative  poles  respectively,  as  secondary  products  of 
the  acid  which  was  formed  at  the  former,  and  of  the  hydroxide 
which  was  formed  at  the  latter  pole.  There  was  no  electrolysis 
of  water,  as  seems  to  be  still  lield  by  some.  Although  the  elec- 
trolyte was  thought  to  be  free  from  soluble  salts,  tne  tempera- 
ture effect  was  still  present,  and  was  caused  by  the  diffusion  and 
consequent  unequal  concentration  of  the  acid  and  hydroxide  to- 
ward a  point  between  the  two  plates  where  the  zone  of  maximum 
temperature  showed  itself.  This  is  to  be  expected  since  the  con- 
ductivity of  acids  and  alkaline  hydroxides  varies  within  certain 
limits  directly  as  their  concentrations. 

The  theory  has  been  put  forth  that  the  corrosion  is  due  to  the 
electrolysis  of  water ;  the  nascent  oxygen  attacking  the  iron  at 
the  positive  pole.  In  the  first  place,  tnere  is  no  electrolysis  of 
water ;  oxygen  and  hydrogen  being  in  each  case  set  free  at  their 
proper  poles  by  virtue  of  secondary  reactions,  as  explained  above. 
The  fact,  however,  that  nascent  oxygen  even  then  does  not  attack 
the  anode  when  the  iron  electrodes  are  used,  is  clearly  pointed 
out  by  an  experiment,  wherein  six  such  cells  were  run  in  series  at 
100  volts  terminal  pressure,  the  current  varying  from  .2  to  .04  am- 
peres during  the  experiment.  The  electrolytes  consisted  of  pure 
glass  sand  saturated  with  a  one-third  of  one  per  cent,  solution  of 
chemically  pure  nitrate  of  ammonia,  chloride  of  ammonia, 
nitrate  of  potash,  chloride  of  potash,  nitrate  of  soda,  and  chlo- 
ride of  soda  respectively.  All  nitrate  cells  showed  acid  reactions 
at  the  an6de,  and  gave  off  oxygen  at  the  same  pole,  and  hydro- 
gen as  usual  at  the  cathode.  At  .06  amperes,  tiie  acid  reaction 
and  oxygen  evolution  ceased,  in  the  cell  containing  nitrate  of  am- 
monia ;  at  .045  tlie  same  occurred  in  the  cell  containing  nitrate 
of  potash,  the  cell  containing  nitrate  of  soda  still  showing  a  faint 
acid  reaction,  and  giving  off  of  oxygen  at  .04  amperes,  at  which 
point  the  current  was  taken  off.  Tne  chloride  cells  showed  no 
such  phenomena  at  tlie  anode.  The  following  table  gives  the 
corresponding  losses  of  the  different  anodes  per  ampere  hour, 
the  cathodes  remaining  unchanged  : 
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NH4  NO, 0.921  gms.  loss. 

NH4CI 1.314     '*      *' 

KNO3 0.887     **      *' 

KCl 1.846     "      '* 

NaNO, 0.729     **      '* 

NaCl 1.299    '*      " 

It  will  be  noticed  that  the  loss  iii  the  chloride  cells  is  consider- 
ably greater  than  that  in  the  nitrate  cells ;  the  acid  and  oxygen 
formation  in  the  latter  having  evidently  not  assisted  in  the  cor- 
rosion of  the  anode.  Furthermore,  had  the  nascent  oxygen  at- 
tacked the  iron,  ferrous  oxide,  (Fe  O)  would  have  been  the  result, 
which,  in  presence  of  water  forms  ferrous  hydroxide  (Fe  O  + 
H2  O  =  Fe  (0H)2).  This  ferrous  hydroxide  would  have  showed 
itself  next  to  the  anode ;  no  such  layer,  however,  appeared  in 
that  region.  Moreover  in  most  cases  where  pipes  nave  been 
pitted,  the  "secondary  products  seemed  to  have  been  carried 
away." 

Tne  real  facts  and  explanation  are  given  in  the  following  con- 
clusions :  In  an  electrolytic  cell  with  iron  electrodes,  having  any 
salt  or  salts  of  the  alkaline  metals  or  earths  in  solution  in  the 
electrolyte,  the  salts  are  electrolyzed  ;  their  acid  radicals  (CI, 
NOs,  SO4,  etc.),  attacking  the  anode,  forming  an  iron  salt.  The 
metal  set  free  at  the  cathode  forms  with  water  the  hydroxide 
and  liberates  hydrogen.  The  ferrous  salt  diffuses  toward  the 
cathode,  the  alkaline  hydroxide  toward  the  anode,  and  at  the 
point  of  meeting  the  ferrous  hydroxide  is  precipitated  and  the 
original  salt  reformed.  As  the  amount  of  electrolysis  varies 
directly  with  the  strength  of  current,  a  comparatively  high  cur- 
rent will  liberate  an  excess  of  the  acid  radical ;  the  critical  point 
depending  on  the  affinity  of  the  radical  for  the  iron,  the  surface 
exposed  being  the  same.  This  excess  forms  in  the  presence  of 
water  an  acid,  and  liberates  oxygen. 

Neither  the  acid  nor  the  oxygen  have  any  effect  on  the  iron, 
the  anode  being  already  engaged  in  the  formation  of  the  iron 
salt  with  the  acid  radical ;  nence,  the  oxygen  escapes,  and  the 
acid  diffuses  through  the  electrolyte.  Many  important  physical 
and  chemical  questions  arise  at  this  point ;  these,  however,  can- 
not be  considered  here. 

The  last  experiment,  together  with  the  fact  that  the  ferrous 
hydroxide  layer  invariably  forms  at  some  distance  away  from 
the  anode,  points  very  strongly  to  the  conclusion  that  the  corro- 
sion is  solely  due  to  the  attack  of  the  dcid  radical  of  the  salt 
crigitiaUy  in  the  electrolyte.  As  cnlorides,  sulphates  and  nitrates 
of  the  alkaline  metals  and  earths  are  almost  invariably  found  in 
street  solids,  and  as  a  mere  directive  force  in  the  way  of  an 
electric  pressure  is  required  to  set  up  an  electrolysis  of  these 
salts,  it  can  be  plainly  seen  that  the  iron  pipes  may  be  corroded 
wherever  the  potential  at  the  latter  is  positive  to  the  rail.  The 
amount  of  corrosion  in  a  given  time  only  depends  upon  the 
amount  of  the  current  and  me  nature  of  the  salts  in  the  soil. 
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Our  investigations  lead  us  to  indorse  Mr.  Famliam's  method 
of  preventing  the  corrosion,  and  the  following  points  in  his  sum- 
mary we  desire  to  particularly  emphasize  : 

1."  A  return  circuit  of  as  low  resistance  as  possible. 

2.  A  positive  pole  of  the  generator  connected  with  the 
trolley. 

3.  Careful  location  of  the  danger  district  and  thorough  con- 
nections between  pipe  and  rail  inside  of  this  district ;  the  rails 
to  be  connected  to  tlie  negative  pole  of  the  dynamo. 

4.  Frequent  measurements  to  be  made  to  see  that  the  danger 
district  does  not  change,  and  no  connections  to  be  made  outside 
of  the  district. 

Mftdison,  Wis.,  April  28,  1894. 


Mr.  C.  G.  Armstrong  : — I  cannot  help  but  feel  that  we  are  guilty 
as  charged  in  this  indictment,  that  we  cannot  have  a  great  good 
without  some  small  damage,  and  to  offset  the  manifola  blessings 
and  benefits  of  the  commercial  use  of  powerful  currents  of  elec- 
tricity, we  undoubtedly  do  some  damage  to  other  and  adjacent 
interests. 

Some  years  ago  I  was  requested  to  inspect  an  electric  railroad 
in  Indiana,  where  I  had  some  experience  with  the  erratic  action 
of  electricity  under  ground,  ana  where  I  made  some  measure- 
ments of  differences  in  potential  between  adjacent  conductors. 
Unlike  Mr.  Farnham  I  did  not  use  a  voltmeter,  but  used  a  mule: 
that  is  to  say,  the  owners  had  noticed  a  variation  in  the  opera- 
tion and  speed  of  their  motors  at  a  certain  point.  I  watched  a 
mule  team  driven  over  this  place  and  found  that  at  a  certain 
point  one  of  the  mules  became  very  much  agitated,  to  the  extent 
of  planting  his  hind  feet  on  the  dashboard  of  the  wagon  many 
times  in  rapid  succession.  I  had  no  means  of  calibrating  the 
mule,  but  would  judge  that  the  potential  difference  must  nave 
been  considerable  at  tnis  point,  and  upon  inspection  I  found  that 
the  rail  bonds  were  broken,  and  a  very  disagreeable  shock  could 
be  felt  by  touching  the  ends  of  the  rails  at  this  point. 

The  construction  of  this  plant  had  been  very  unscientific  and 
extreme  differences  of  potential  could  be  found  in  different  parts 
of  the  town,  but  being  only  a  country  village  with  few  pipes  and 
fewer  scientists,  the  matter  of  destruction  to  anything  except  the 
railroad  property  itself  by  reason  of  this  faulty  work  was  not 
thought  of. 

Wherever  we  have  a  flow  of  current  through  the  earth,  owing 
to  its  irregular  conductivity,  we  are  bound  to  have  differences  in 
potential,  and  where  we  have  differences  in  potential,  electrolysis 
and  chemical  decom  position  will  occur.  Even  if  this  difference  ia 
extremely  slight  we  will  have  some  destructive  action;  at  the  same 
time  1  doubt  whether  we  can  have  any  serious  destruction  with- 
out we  have  one  and  one-half  volts,  or  sufficient  to  decompose 
the  moisture,  liberating  the  oxygen  which  in  its  nascent  state,  to 
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my  mind,  is  the  most  destructive  agent  produced  by  electrolysis. 

I  cannot  feel  that  electrolysis  is  ^ilty  of  all  things  charged  to 
it.  I  do  not  believe  that  everv  defective  water  pipe  and  gas 
main  was  destroyed  by  electricity.  I  have  seen  miles  of  water 
and  gas  pipe  that  was  in  much  worse  condition  than  that  shown 
on  the  screen  to-night,  where  the  nearest  electric  wire  was  twenty 
miles  away.  I  believe  the  gas  companies  are  responsible  for  two- 
thirds  of  the  trouble  found  in  pipes  to-day.  Where  we  dig  up 
the  streets  we  tind  the  earth  permeated  with  ammonia  and  other 
destructive  products  of  the  gas  retort,  which  within  themselves 
are  sufficient  to  attack  and  decompose  any  metal  they  come  in 
contact  with ;  in  fact,  one  of  the  pipes  shown  on  the  screen  was 
a  gas  pipe,  and  there  was  a  serious  decomposition  of  the  metal 
on  eacn  side  of  the  union.  The  author  of  the  paper  attributes 
this  to  the  resistance  of  the  union;  why  might  it  not  have  been 
the  leakage  of  the  gas?  I  have  found  gas  pipes  that  could  not 
possibly  be  acted  upon  by  electricity  that  were  decomposed  in 
exactly  the  same  manner,  from  the  gradual  leakage  of  the  gas. 

Undoubtedly  we  are  guilty  to  a  certain  extent  for  the  destruc- 
tion of  underground  pipes,  and  the  cause  I  believe  can  be  re- 
moved. The  use  of  the  three  wire  system  as  mentioned  by  Mr. 
Arnold  is  undoubtedly  one  solution,  but  ofiEers  complications  as 
he  mentioned.  The  use  of  the  return  wire  as  suggested  in  the 
paper  is  another  remedy,  but  one  which  I  am  afraid  will  greatly 
interfere  with  the  "returns"  at  the  meeting  of  the  stockholders. 

As  mentioned  in  the  paper,  every  additional  pipe  protected,, 
reduces  your  protection  to  all  others  and  to  obtain  absolute  pro- 
tection, it  would  be  necessaiy  to  literally  fill  the  ground  with 
copper  wire,  and  have  the  different  resistances  nicely  and  mathe- 
matically balanced,  and  even  then  with  a  large  number  of  cars  at 
the  extreme  end  of  the  line,  the  resistance  might  be  thrown  out 
of  balance  and  electrolytic  action  result  therefrom. 

I  think  this  problem  should  be  viewed  just  as  we  do  the 
wiring  of  a  building,  viz.,  avoid  grounded  circuits,  insulate  both 
poles  and  thereby  dispense  with  electrolysis,  danger  from  IBire, 
and  at  once  solve  the  difficult  problem  of  lightning  arresters  for 
grounded  circuits. 

There  seems  to  be  no  practical  difficulty  in  the  use  of  the  two 
trolleys.  They  are  running  in  many  places  to-day  with  a  fair 
degree  of  success  and  I  believe  if  it  had  not  been  for  the  violent 
opposition  of  one  of  the  large  companies,  as  suggested  here  to- 
night, it  would  have  been  used  much  more  extensively  than  the 
single  trolley.  I  really  do  not  see  after  all  why  it  is  not  the  best 
way  out  of  the  present  difficulty.  It  certainly  would  not  cost  as 
much  to  run  a  double  trolley  system  as  it  would  to  run  a  com- 
plicated system  of  underground  returns  connecting  to  all  water, 
gas  and  other  pipes  and  what  not  that  we  meet  in  the  street. 
The  system  advocated  by  Mr.  Stetson,  of  an  underground 
double  trolley,  or  a  similar  system  with  his  catch  box  elevated  on 
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posts  between  the  tracks,  would  afford  another  method  of  accom- 
plishing the  same  end. 

If  electrical  engineers  would  lay  aside  the  creeds  laid  down  by 
their  various  commercial  interests  and  attack  the  problem  from  a 
purely  scientific  standpoint,  following  out  the  practice  of  electric 
light  engineers,  viz.,  insulate  both  poles  from  the  ground,  the  ques- 
tion of  electrolysis  would  be  solved  just  as  the  metallic  circuit 
has  solved  many  more  serious  problems  in  telephony. 

Brief  remarks  were  made  by  Professor  Stine,  Mr.  Beach  and 
Mr.  A.  S.  Hibbard. 

Mr.  Abbott  closed  the  discussion  on  behalf  of  the  author  of  the 
paper,  as  follows: 

Mb.  a.  V.  Abbott  : — A  previous  speaker  has  alluded  to  the 
use  of  the  double  trolley  system,  as  offering  a  solution  of  the 
electrolytic  question. 

The  double  trolley  system  certainly  does  afford  a  perfect  solu- 
tion, but  only  at  the  expense  of  a  greater  investment  of  capital 
in  the  original  line  construction,  as  the  amount  of  copper  re- 
quired for  a  double  trolley  system  over  that  needed  with  the 
single  wire  would  be  increased  about  fourfold,  and  as  much  com- 
plexity would  be  involved  in  the  erection  of  the  wiring.  The 
objections  to  the  double  trolley  system,  other  than  those  of  in- 
creased capitalization,  are  entirely  mechanical  ones  and  in  ordi- 
nary lines  can  be  overcome.  The  double  trolley,  about  three 
years  ago  still  survived,  and  it  is  probably  chiefly  due  to  the 
Thomson-Houston  company  that  it  does  not  still  exist. 

In  all  railways  whicn  are  reasonably  straight,  and  do  not  en- 
counter a  great  number  of  intersecting  lines,  the  introduction  of 
the  double  trolley  is  not  a  serious  obstacle,  and  by  affording  to 
the  street  railway  an  independent  retura,  places  the  railway  cir- 
cuit entirely  under  control  of  the  railway  managers,  pre>enting 
to  the  company  in  this  respect  considerable  advantage.  It  is 
probable,  nay,  almost  certain,  that  should  street  railway  companies 
be  obliged  to  protect  all  present  existing  underground  struc- 
tures by  means  of  special  return  feeds,  as  indicated  by  Mr. 
Farnham,  the  expense  of  these  feeds,  and  their  introduction 
would  be  considerably  less  than  the  original  cost  required  to 
equip  the  line  with  a  double  trolley  system. 

Personally,  I  have  always  been  m  favor  of  all  electrical  com- 
panies operating  entirely  upon  metallic  circuits  which  should  be 
peculiarly  and  appropriately  their  own.  I  think  the  advantages- 
to  be  derived  from*  this  principle  of  operation  will,  sooner  or 
later,  be  appreciated,  and  that  street  railway  companies,  electric 
lighting  companies,  telephone  corporations,  in  fact,  all  electri- 
cS  industries  will,  in  the  not  far  distant  future,  be  each  equipped 
-with  its  own  individual  and  independent  complete  circuit. 

The  presence  of  overhead  wires  in  the  crowded  city  streets,  is 
constantly  urged  as  an  objection  to  the  trolley  system,  whether 
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it  be  single  or  double.  Inventors  have  been  constantly  called 
upon  to  devise  methods  whereby  the  streets  could  be  relieved 
from  this  objection. 

A  conduit  electric  road  is  at  the  present  time  perfectly  feas- 
ible, and  its  successful  construction  and  operation  is  merely  a 
question  of  the  amount  of  capital  that  the  promoters  are  willing 
to  invest  Ordinarily  speaking,  an  electric  road  can  be  built 
and  equipped  in  running  order  at  an  expense  of  from  thirty  to 
forty  thousand  dollars  per  mile  including  all  items,  excepting 
that  of  real  estate,  franchises  and  buildings.  The  cable  road  is 
typical  of  the  conduit  system,  and  is  always  expected  to  cost 
from  one  hundred  twenty-five,  to  one  hundred  fifty  thousand 
dollars  a  mile.  The  widespread  and  rapid  introduction  of  elec- 
tric roads  has  chiefly  resulted  from  the  fact  that  they  require  so 
much  smaller  capitalization  in  the  outset,  and  that  they,  there- 
fore, may  be  introduced  in  districts  that  are  not  thickly  settled, 
in  which  the  traflSc  could  never  be  made  to  pay  the  interest  and 
depreciation  on  the  more  expensive  cable  plant.  Cable  roads 
could  never,  for  a  moment,  be  considered,  in  many  of  the  dis- 
tricts where  electrical  roads  are  now  successfully  and  remunera- 
tively operating,  having  superseded  animal  traction. 

If  a  street  railway  company  is  willing  to  invest  in  an  electric 
road  the  same  amount  of  capital  as  is  called  for  by  the  ordinary 
<3able  road,  a  successful  conduit  system  can  be  at  once  introducedf. 
The  success  of  the  conduit  electrical  road  simply  depending 
upon  its  being  built  well  enough  to  do  the  work  required  of  it. 

In  a  consideration  of  the  return  system  for  an  electric  road, 
the  railway  company  should  not  forget,  that  by  providing  an 
adequate  return  circuit  which  will  protect  other  underground 
structures,  they  are  not  only  securing  immunity  for  themselves 
from  damage  suits,  but  at  the  same  time  are  putting  more  money 
into  their  pockets  in  a  saving  of  coal  pile,  than  the  interest  and 
the  depreciation  upon  the  investment  mvolved  in  the  return  cir- 
-cuit  willamount  to. 

In  building  some  300  miles  of  electric  road  I  have  universally 
found  that  the  grounded  return  circuit  absorbed  more  energy 
from  the  station  than  any  other  part  of  the  line,  the  car  motor 
only  excepted.  In  one  instance  in  mind,  the  return  circuit  of 
the  road  was  so  poor,  owing  to  defective  rail  bonding  and  the 
dry  condition  of  the  soil  that,  in  many  instances,  the  rail  bonds 
had  actually  burned  their  way  through  the  ties  of  the  road  and 
allowed  the  rails  to  separate. 

In  another  instance,  motor  repairs  were  reduced  several  hun- 
dred dollars  a  month  by  the  addition  of  an  appropriate  amount 
of  feed  wire. 

Ill  a  third  case,  the  amount  of  power  required  for  operation 
was  reduced  toSOn.  p.,  bv  the  provision  of  an  appropriate  return. 

I  feel  quite  confident  that,  if  the  engineers  of  the  majority  of 
■electric  railways  in  this  country  would  carefully  study  their  cir- 
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cuits,  making  accurate  measurements  thereon,  they  would  be 
immediately  convinced  that  the  expenditure  required  for  an  ap- 
propriate return  circuit  which  could  in  a  majority  of  instances  be 
arranged  to  protect  existing  underground  structures,  would  re- 
sult in  an  actual  saving  to  them  in  luel,  and  would  be  an  invest- 
ment upon  which  they  could  immediately  enter. 

After  the  discussion  was  closed  it  was  moved  by  Edward 
Caldwell,  and  upon  motion  it  was  carried,  '"that  it  is  the  opinion 
of  the  western  members  of  the  American  Institute  of  Electrical 
Engineers  that  the  expenses  incurred  in  connection  with  the  local 
meetings  held  in  Chicago  should  be  paid  out  of  the  general  funds 
of  the  Institute,  and  that  a  committee  of  three,  of  which  Mr. 
Hibbard  shall  be  chairman,  be  appointed  to  brinjj:  this  matter  to 
the  attention  of  the  Institute  at  the  Annual  Meetmg  in  Philadel- 

f)hia  next  month  for  the  purpose  of  securing,  if  possible,  such 
egislation  as  will  make  the  general  funds  available  for  this  pur- 


The  meeting  then  adjourned,  leaving  the  other  members  of 
the  committee  to  be  appointed  later. 

[Reply  to  the  Chicago  Discussion,  Communicated  by  Mr. 

Farnham.] 

I  have  read  with  a  great  deal  of  interest  the  able  discussion  in 
Chicago  which  followed  the  reading  of  my  recent  paper.  The 
work  of  Professor  Jackson  and  his  assistants  is  of  special  service, 
as  it  ought  to  entirely  dispose  of  the  doubt  heretofore  existing 
in  many  minds,  that  currents  produced  by  small  differences  in 
potential  are  sufficient,  and  actually  do  cause  corrosion  of  metal 
Duried  in  the  earth.  I  hope  readers  of  this  j)aper  will  not  pass 
too  lightly  over  this  fact.  If  we  appreciate  the  danger  as  it  ex- 
ists, we  shall  be  more  likely  to  apply  a  sufficient  remedy,  and  we 
shall  look  for  the  danger  m  important  places  which  otherwise 
may  escape  detection  until  too  late  to  controvert  serious  lose. 
The  Chicago  discussion  calls  attention  to  serious  effects  of  elec- 
trolysis upon  metal  lined  imderground  tunnels.  How  may  it  be 
with  anchorages  to  suspension  oridges,  and  to  the  iron  feet  of 
elevated  railway  structures,  especially  those  employed  to  carry  in 
a  measure  the  heavy  currents  of  the  railway  ?  ^ 

Referring  to  Mr.  A.  T.  Welles'  remarks.  I  did  accidentally 
confuse  Cincinnati  with  Cleveland. 

It  was  unfortunate,  as  Cincinnati  having  a  good  example  of 
the  double  trolley  system  might  be  expected  to  escape  the  trouble 
from  electrolysis.  This  expectation  would  undoubtedly  be  rea- 
lized but  for  the  fact  that  there  is  also  in  the  city  a  small  electric 
railway  system  employing  the  single  trolley. 

1.  The  most  powerful  and  important  agents  in  nature  are.  slow  in  their  opera- 
tion. 
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I  have  but  little  criticism  to  offer  upon  the  discussion.  I  agree 
entirely  with  all  that  has  been  said,  both  in  New  York  and  Chi- 
cago, as  to  the  importance  of  large  railway  returns  and  thorough 
bonding  of  rails.  Mind  you,  I  do  not  say  "  ample  "  railway  re- 
turns, tor  returns  ample  to  prevent  escape  of  current  to  the  earth 
and  adjacent  pipes  cannot  practicallv  be  provided. 

I  am  in  hearty  accord  also  with  the  able  remarks  of  Mr.  Ab- 
bott and  others  with  reference  to  the  employment  of  the  "  double 
trolley  system,"  or  in  fact  any  system  wliich  maintains  the  entire 
circuit  well  insulated  frotn  the  earth.  My  paper  implies  this,  and 
to  this  end  I  have  written  several  articles  in  the  early  days  of 
the  railway  ventures. 

I  do  not  agree  that  it  is  as  well  to  connect  pipes  to  the  rails 
within  the  danger  zone  or  area  as  to  employ  a  special  return  wire, 
for  relieving  them.  A  careful  study  oi  the  situation  which  may 
be  met  in  large  cities  will  make  it  clear  that  not  only  must  the 
pipes  have  good  conductors  back  to  the  dynamo,  but  that  tlie 
potential  of  the  earth  about  them  must  in  some  cases  be  raised 
above  the  normal  condition  ;  this  can  be  accomplished  in  no  way 
easier  than  by  so  proportioning  the  return  system  of  the  rails  and 
the  pipes  as  to  cause  a  small  passage  of  current  from  rails  to 
pipes  through  the  earth,  within  the  danger  territory. 

^or  do  I  agree  with  Mr.  Armstrong,  that  the  ground  may 
have  to  be  filled  with  copper  to  accomplish  the  remedy  if  applied 
as  I  recommend.  A  carefurpernsal  of  the  paper  itself,  and  the 
New  York  discussion  will  malce  it  unnecessary  to  explain  further 
why  a  comparatively  small  amount  of  copper  properly  placed 
in  the  danger  area  will  transfer  the  damaging  action  :from  the 
pipes  to  the  railway  system  itself. 

I  must  note  again  in  closing,  my  ^reat  satisfaction  with  the 
handling  of  the  paper  and  the  discussion  at  Chicago,  and  I  wish 
to  express  my  personal  thanks  to  all  who  have  aided  me  in  the 
i)reparation  and  presentation,  of  this  paper,  and  to  others  who 
have  added  so  much  of  interest  and  value  by  the  discussions. 
Boston,  May  9,  1894. 


AMERICAN    INSTITUTE    OF    ELECTRICAL 
ENGINEERS. 


Annual  Meeting. 

Philadelphia,  Pa.,  May  15,  1894. 

The  Annual  Meeting  of  the  Institute  was  called  to  order  at 
10.30  A.M.  on  Tuesday,  May  15th,  at  the  house  of  the  Engineers' 
Club,  1122  Girard  Street,  by  the  President  of  the  Institute, 
Professor  Edwin  J.  Houston. 

It  was  voted  that  the  reading  of  the  minutes  of  the  previous 
annual  meeting  be  dispensed  with,  and,  on  motion,  they  were 
approved  as  printed  in  the  Transactions. 

The  President: — Before  proceeding  to  the  next  order  of 
business,  which  will  be  the  report  of  the  Council,  the  duty  of 
the  meeting  is  to  appoint  tellers.  The  rules  call  for  two  tellers. 
Will  some  gentleman  make  a  nomination? 

Messrs.  Metcalfe  and  Upton  being  nominated,  they  were  ap- 
pointed by  the  President  as  tellers. 

Mayor  Stewart,  of  Philadelphia,  was  then  introduced  by  the 
President,  who  welcomed  the  Institute  to  the  city,  with  appro- 
priate remarks. 

The  President  : — Mr.  Mayor,  I  desire  to  express,  on  behalf 
of  the  Amkrican  Institute  of  Electrical  Engineers,  the  body 
I  have  the  honor  of  presiding  over  at  the  present  time,  their 
thanks  for  the  warm  and  cordial  manner  in  which  you  have  wel- 
comed us  to  the  city  of  Philadelphia,  for  the  flattering  things 
you  have  said  about  us,  and  for  the  kind  invitation  you  have 
given  us.  I  assure  your  honor,  that  we  shall  hold  this  meeting 
m  Philadelphia  in  pleasant  remembrance. 

Mr.  John  C.  Trautwine,  Jr.,  President  of  the  Engineers* 
Club,  of  Philadelphia,  upon  invitation,  addressed  the  meeting  as 
follows :  —I  trust  that  I  may  be  able  to  give  expresaion  to  the 
sincere  pleasure  it  affords  me  to  bid  you,  in  the  name  of  our 
club,  a  hearty  welcome  to  our  house,  where  I  trust  that  you  will 
be  able  to  make  yourselves  comfortable  during  your  brief  stay  in 
our  city.  246 
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Oar  club,  as  muBt  almost  of  neceBsity  be  the  case  in  a  local 
engineering  organization,  numbers  among  its  members  engineers 
of  all  branches  of  the  profession,  and  among  these  are  many 
worthy  and  active  representatives  of  your  own  branch,  and  mem- 
bers of  your  Institute. 

His  honor,  the  mayor,  has  already  pointed  out  to  you  the  fit- 
ness of  selecting,  as  the  place  for  holding  your  tenth  annual 
convention,  the  city  of  Franklin's  electrical  researches,  the  city 
where  his  remains  were  laid  to  rest.  But  Philadelphia  claims 
also  the  honor  of  being  the  birthplace  of  your  still  young,  and 
already  vigorous,  organization,  and  in  this  way  we  see  another 
claim  to  your  attention. 

I  congratulate  you  upon  the  excellent  weather  which  your 
local  committee  has  selected  for  the  occasion,  and  I  trust  that 
your  stay  with  us  may  be  in  every  way  enjoyable. 

The  following  reports  of  the  Council  and  Treasurer  were  then 
read. 


AMERICAN  INSTITUTE  OF  ELECTRICAL   ENGINEERS. 
Report  of  Council  for  the  Year  ending  April  30th,  1894. 

In  compliance  with  the  rules  of  the  Institute  your  Council  begs  leave  to 
submit  the  following  report  covering  the  period  since  the  Annual  Meeting, 
May  i6th,  1893. 

Ten  regular  meetings  and  one  special  meeting  of  the  Council  have  been 
held  at  which  the  average  attendance  was  9. 

As  stated  in  the  report  of  last  year,  there  has  been  a  desire  manifested 
by  the  membership  for  the  adoption  by  the  Institute  of  an  official  badge, 
and  a  certificate  of  membership.  Many  designs  were  submitted  and  the 
matter  was  given  careful  attention  by  a  special  committee.  Both  the 
badge  and  certificate  were  prepared  for  distribution  about  the  date  of  the 
last  annual  meering.  Your  Council  has  also  instructed  the  Secretary  to  print 
upon  all  publications  of  the  Institute  the  emblem  thus  officially  adopted. 

In  view  of  the  probability  of  a  large  number  of  visitors  at  the  World's  Fair 
and  Electrical  Congress,  who  would  be  glad  to  avail  themselves  of  office 
facilities,  your  Council  recognized  the  necessity  of  establishing  at  the 
Electricity  Building,  a  suitable  rendezvous,  which  was  placed  under  the 
direct  charge  of  the  Secretary.  As  no  fund  existed  which  could  be  properly 
drawn  upon  for  this  object,  it  became  necessary  to  issue  a  call  for  voluntary 
subscriptions  for  this  purpose.  There  was  a  general  and  hearty  approval 
of  the  plan  and  as  will  be  seen  by  the  financial  report,  the  receipts  were 
$1,148.14.  This  amount  was  not  quite  sufficient  to  cover  the  entire  ex- 
penses which  were  $1,331,047,  leaving  a  deficit  of  $183.33.  ^^^  beneficial 
results  accruing  from  the  carrying  out  of  the  plan  under  the  supervision  of 
the  special  World's  Fair  Committee  may  be  learned  from  their  final  report 
submitted  February  21,  1894,  from  which  the  following  is  an  extract. 

"  The  wisdom  of  establishing,  official  headquarters  at  the  World's  Fair 
*'  has  been  conclusively  proven,  and  your  Committee  believes  that  the  In- 
* '  stitute  may  well  congratulate  itself  upon  the  results  achieved.  The  Institute 
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**  register  shows  the  memorandum  of  612  visitors,  among  whom  were  many 
'*  of  the  most  distinguished  electricians  of  the  day.  Eighty-one  new  asso- 
*'  date  members  have  been  elected  this  season  ;  15  come  up  for  election  on 
"  January  17th,  and  21  are  posted  for  the  February  meeting.  A  total  of 
*'  117.  Although  but  few  meetings  have  been  held  this  season,  this  num- 
*'  ber  is  already  in  excess  of  the  increase  in  membership  during  the  entire 
**  years  of  i8gr  and  1892.  A  large  proportion  of  this  increase  can  be  traced 
**  directly  to  the  World's  Fair  headquarters,  and  without  doubt  our  member- 
**  ship  will  continue  to  be  largely  augmented  by  the  addition  of  many  of 
*•  those  identified  with  the  electrical  profession  who  have  been  led  to  ap- 
*'  preciate  the  importance  of  the  Institute  through  information  received 
"  at  the  official  headquarters  at  Chicago.'* 

It  may  also  be  stated  that  the  expense  of  maintaining  independent  offices 
was  less  than  would  have  been  necessary  had  the  Institute  joined  in  the 
maintenance  of  the  general  engineering  headquarters  at  Chicago  which 
would  have  required  an  assessment  of  $2  j)er  member,  or  a  total  expendi- 
ture of  $1,380,  with  far  inferior  results. 

The  record  of  the  preliminary  work  of  the  Institute  in  preparing  for  the 
International  Electrical  Congress  of  1893  has  been  very  fully  placed  before 
the  membership  in  the  printed  Transactions,  and  it  is  satisfactoi^  to  know 
that  it  was  generally  appreciated,  especially  in  the  deliberations  of  the 
Chamber  of  Delegates.  In  order  to  provide  for  the  publication  of  the  pro- 
ceedings of  the  Congress,  an  arrangement  was  entered  into  between  the 
regularly  appointed  Publication  Committee  and  your  Council,  by  which  the 
Institute  has  undertaken  to  secure  a  sufficient  number  of  subscriptions  to 
guarantee  the  publication  of  the  Congress  records  without  loss.  The  limit 
of  400  subscribers  having  been  reached,  the  work  has  been  started  and  it  is 
expected  that  the  book  will  be  issued  by  September  next.  Should  any  surplus 
accrue  from  this  undertaking,  it  has  been  recommended  by  the  World's 
Fair  Committee  that  it  be  applied  to  cover  the  deficit  in  the  World's  Fair 
fund  as  stated.  Owing  to  the  lack  of  time,  several  matters  were  left  un- 
finished by  the  Congress,  some  of  which  were  deemed  of  such  importance 
that  a  committee  has  been  appointed  of  which  the  President  is  Chairman, 
to  carry  on  the  necessary  investigations  and  report  upon  a  standard  of 
illumination.  This  matter,  which  was  considered  the  most  important  item 
of  incompleted  work,  is  in  the  hands  of  various  sub-committees,  having 
laboratory  facilities  at  their  disposal  in  various  parts  of  the  country,  and  is 
under  the  direct  supervision  of  members  of  the  Institute. 

The  plan  of  printing  and  distributing  to  the  entire  membership  the  ad- 
vance copies  of  the  papers  read  before  the  Institute  meetings,  has  been 
carried  out  as  thoroughly  as  possible  during  the  year.  The  distribution  of 
the  revised  papers  with  their  discussions  at  the  end  of  the  year  in  a  bound 
volume,  has  been  generally  appreciated,  and  while  this  plan  has  added 
somewhat  to  the  cost  of  publication,  the  total  expense  incurred  was  less  than 
for  the  volume  of  Transactions  issued  for  the  previous  year. 

Among  other  results  of  the  World's  Fair  year,  the  increase  of  member- 
ship in  Chicago  and  vicinity,  led  to  a  desire  upon  the  part  of  western  mem- 
bers for  an  opportunity  to  discuss  the  various  papers  brought  before  the 
Institute.  At  the  November  meeting  in  New  York  City,  a  plan  was  author- 
ized by  which  upon  the  petition  of  20  members  such  meetings  might  be 
held  either  simultaneously  or  following  the  meeting  at  which  the  paper 
was  originally  read.    Two  meetings  under  this  plan  have  already  been 
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held  at  Chicago,  at  which  the  papers  read  in  New  York  City  on  March  21st 
and  April  i8th  were  also  read  by  proxy,  and  discussed.  Letters  received 
by  the  Secretary  from  western  members  indicate  a  hearty  approval  of  the 
plan  and  it  seems  likely  that  it  will  become  a  permanent  practice  of  the 
Institute,  and  lead  to  a  most  important  extension  of  its  influence.  Every 
movement  of  this  kind  which  has  been  undertaken  with  a  view  to  extend- 
ing the  more  general  knowledge  of  the  work  of  the  Institute  seems  to  lead 
to  a  Substantial  growth  of  membership 

Without  going  into  the  detailed  statistics  of  your  affairs  during  the  past 
10  years,  the  following  statement  is  of  interest,  showing  the  number  of 
members  who  have  been  elected  and  actually  qualified  for  membership 
during  that  period:— 

1884 154  1889 113 

1885 14  1890 116 

1886 n  1891 100 

1887 152  1892 96 

1888 70  1893 165 

991 
The  lesson  to  he  learned  from  this  statement  is,  that  there  must  be  yet  a 
large  number  of  electrical  engineers  who  may  be  expected  to  become  mem- 
bers in  the  near  future,  and  it  has  been  the  policy  of  your  Council  to  main- 
tain the  standard  of  membership  in  order  that  such  membership  become 
year  by  year  of  constantly  increasing  value.  The  ten  volumes  of  Trans- 
actions already  issued  form  in  themselves  a  very  complete  record  of 
electrical  progress  during  the  life  of  the  Institute.  Many  of  the  most  im- 
portant inventions  and  researches  have  first  been  made  public  under  the 
auspices  of  this  organization, 

The  total  membership  at  the  close  of  last  year's  report  was  673,  classified 
as  follow^s: 

Honorary  Members 3 

Members 206 

Associate  Members 4^4 

Total 673 

Honorary  Members  elected  during  the  past  year x 

Associate  Members  elected 179      x8o 

Total 853 

The  following  have  resigned  during  the  year : 

S.  V.  HOFFMAN,  CHAS.  TAYLOR, 

CHAS.  L.  POOR,  E.  Z.  BURNS, 

L.  H.  LAUDY,  E.  J.  WESSELS, 

H.  B.  CRAM,  G.  E.  FISHER, 

WM.  GRUNOW,  Jr..  EDW.  BLAKE, 

J.  D.  GAINES,  P.  P.  BEALS, 

H.  H.  HOSFORD,  S.  W.  HUFF. 

Tctal  resignations 14 

The  following  have  died  during  the  year  : 

Dr.  JAMES  B.  WILLIAMS.  ANTHONY  C.  WHITE, 

GROSVENOR  P.  LOWREY,         Dr.  F.  SCHULZE-BERGE, 
ANTHONY  RECKENZAUN,        Dr.  CHAS.  E.  ZETZSCHE. 

Total  deaths 6 

Dropped  from  the  roll  on  account  of  non-payment  of  dues 20 

Elected,  but  failed  to  qualify 13       53 

800 
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Leavinsr  a  toul  membenhip  of  800  on  April  yxb,  (a  aet  gain  of  127,1  claMi- 
iied  as  follows : 

Honorary  Members 3 

Members 935 

Associate  Members    563 

800 

The  reports  of  the  Secretary  and  of  the  Treasurer  show  in  detail  the 
financial  affairs  of  the  Institute  at  the  close  of  the  fiscal  year : 


Dr, 


SECRETARY'S  BALANCE  SHEET. 
For  The  Fiscal  Year  Ending  April  30,  1894. 


To  balance  from  i8q3 $       2334 

Receipts  for  the  year 10,385  ^ 

$<o,4oB  60 


By  cash  to  Treasarer 

Secretary's  Balance  on  hand. . . 


.$«o»363  70' 

44  90 

$10,408  60 


ITEMIZED  STATEMENT  OF  RECEIPTS  AND  EXPENSES  OF 
THE  INSTITUTE. 

For  Fiscal  Year  Ending  April  30,  1894. 


General 
Receipts, 

Treasurer's  Balance  from  previous  year.$  90  90 
Secretary's        "  **  '*  ''        23  34 

Sundry  Receipts s  40 

Entrance  Fees 82500 

Life  Membership  (E.  J.  Houston) 100  00 

Past  Dues sag  15 

'  Current  Dues 5921  50 

Adx-ance  Dues z8i  66 

Electrotypes  Sold »53  57 

Transactions  Sold 345  31 

Transactions  Subscribers 141  45 

Advertising 25473 

Received  for  Binding  Transactions. ...      37  14 

**         **    Badges 53*70 

'*  Ctrtiiicates     1584a 

'*         "  World's  Fair  Fund "4814 

'*         *'  Congress  Book  (Advance 

Subscribers) 351  10 


Total.  $xo,499  So 


Account. 

Expenses, 

Office  Expenses $138  9a 

Office  Fixtures is  30- 

Telegrams. 5  72 

Stenography  and  Typewriting 429  50 

Stationery  and  Miscellaneous  Printing. .  673  56 

Postage '    296  52 

Messenger  Service 39  9^ 

Salary  Account...... 1999  95 

Meeting  Expenses >23  93 

Rent  of  Office  and  Auditorium 900  00 

Express 1x25 

Engraving  and  Electrotyping 406  03 

Publishing  Transactions. 9337  17 

Advertising 7  50 

Binding  Transactions  snd  Periodicals. . .  246  99 

Paid  for  Badges 64430 

Paid  fcr  Certificates 337  75 

World's  Fair  Quarters  and  Expenses....  1331  47 

Subscription  to  Electrical  Congress 50  oo- 

Expenses  Congress  Book 47  5S 

Copyright 5  00 

Duties 1  75 

Secretary's  Balance  to  next  year 44  9* 

Treasurer's        '*      '*      "        **.......  40754 

ToUl,  $10,499  50. 


The  outstanding  current  bills  against  the  Institute,  April  30,  amounted  to  . . .  5x«764  46 

Due  from  members «»»85  13 

Due  from  advertisers  and  others 277  71 

The  financial  depression  of  the  past  year  has  been  severely  felt  in  elec- 
trical circles,  and  has  had  its  effect  in  retarding  collections.     Fortunately,. 
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however,  this  has  not  interfered  with  the  ordinary  administration  of  your 
a£Eairs,  and  has  certainly  not  checked  the  growth  in  membership,  which  is 
in  excess  of  any  previous  year. 

Respectfully  submitted  by  direction  of  Council, 

RALPH  W.  POPE. 


AMERICAN  INSTITUTE  OF  ELECTRICAL  ENGINEERS. 

New  York,  May  i.  1894. 

TREASURER'S  REPORT. 
From  May  i,  1893  to  May  i,  1894. 
Gecirge  M.  Phelps,  Treasurer,  in  account  with 

American  Institute  of  Electrical  Engineers. 

Dr. 

Balance  from  May  i,  1893 f       90  90 

Received  from  Secretary,  May  1, 1893  '<>  ^'^y  't  '^4 xo,363  70    $10,454  60 

Cr. 

Payments  from  May  z,  1893  ^^  ^^Y  't  ^^4t  ^^  warrantt  from 

Secretary,  Nos.  499  to  521,  inclusive 10,047  06 

Balance  to  new  account 40754    $10,45460 

Balance  on  hand,  General  Fund,  May  i,  1894 407  54 


BUILDING  FUND. 

Balance  as  per  last  report $     850  00 

Interest  accrued  to  May  1, 1894,  3  per  cent.,  to  May  14, 1892  and 

2  per  cent,  thereafter 55  49  90549 

Cash  book  and  warrants  herewith  for  audit.  Vouchers  are  in  the  hand^ 
of  the  Secretary,  to  whom  they  are  returned  for  filing  after  payment. 

GEO.  M.  PHELPS, 

Treasurer. 
New  York,  May  5, 1894. 

Messrs.  Hammer  and  Willyoung  were  appointed  by  the  Chair 
to  audit  the  accounts  0/  the  Treasurer. 

The  President  : — There  are  various  items  of  business  which 
ought  properly  to  come  before  the  Institute  to-day;  among 
others  are  reports  from  the  Committee  on  Units  and  Standards, 
and  other  matters  which  probably  will  suggest  themselves  to 
you. 

It  may  not  be  amiss  now  to  give  one  or  two  notices.  The  Re- 
ception Committee,   to  whom  is  referred  the  matter  of  the 
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informal  reception  tendered  to  our  Institute  by  the  Engineers' 
Club,  of  Philadelphia,  and  the  Electrical  Section  of  the  Frank- 
lin Institute,  to  be  held  to-night  at  half-past  eight  at  the  Manu- 
facturers' Club,  1409  Walnut  Street,  wish  me  to  say  that  they 
have  sent  no  formal  invitations  to  the  members,  but  that  they  de- 
sire that  all  shall  consider  this  as  an  invitation  to  attend  that 
reception  to  night.  I  may  also  state  that  an  invitation  has  been 
sent  to  those  who  care  to  avail  themselves  of  it,  to  visit  Girard 
College.  Those  having  in  charge  matters  of  interest  to  the 
ladies  I  think  might  note  that.  Girard  College  is  a  beautiful 
institution  located  within  ready  access  to  various  lines  of  cars, 
and  would  well  repay  the  visiting  ladies  as  well  as  the  members, 
if  they  could  find  the  time  to  visit  it.  Also  the  Athletic  Club 
of  the  Schuylkill  Navy.  Its  clubhouse  is  open  to  the  gentlemen 
members,  and  they  will  be  admitted  at  the  door  on  presentation 
of  their  badge  or  card,  or  on  the  mere  statement  that  they  are 
members  of  the  Amrkican  Institute  of  Electrical  Engineers. 
You  will  find  there  a  very  pleasant  clubhouse  where  you  can 
have  all  the  advantages  of  an  ordinary  club  including  a  very 

f;ood  pool  of  filtered,  heated  water  for  swimming.  The  Frank- 
in  Institute  of  the  State  of  Pennsylvania,  the  Historical  Society 
and  the  University  of  Pennsylvania  also  invite  our  members  to 
visit  them.  There  are  also  invitations  from  the  new  power 
station  of  the  Philadelphia  Traction  Company,  the  station  of 
the  Edison  Electric  Light  Company,  the  factory  of  the  Chloride 
Accumulator  Company,  the  plant  of  the  Germantown  Electric 
Light  Company,  and  other  invitations  which  I  do  not  recall  at 
the  present  time. 

Tne  Institute  is  now  open  for  the  transaction  of  business.     Is 
it  your  wish  to  take  up  the  reports  of  the  Committee  on  Units 
and  Standards  'i    If  there  is  no  objection  we  will  take  them  up 
in  the  order  in  which  they  have  been  presented. 
The  Secretary  read  the  following  reports : 

New  York  City,  May  15,  1894. 
To  the  President  and  Council  American  Insth'ute  of  Electrical  Engineers, 
New  York  City. 

Gentlemen: — Your  Committee  on  '*  Units  and  Standards  "  desires  to  submit 
the  following  report : 

In  accordance  with  instructions  from  your  Committee  "On   Uncompleted 
Congress  Work,"  a  circular  letter  was  addressed  to — 

1st.  The  Institution  of  Electrical  Engineers,  London. 

2d.   La  Societe  Internationale  des  felectriciens,  Paris. " 

3d.   The  Physikalisch-Technische  Reichsanstalt,  Charlottenburg.  Germany. 

4th.  The  Elektrotechnischer  Verein,  Borlin. 
requesting  the  favor  of  their  opinion  as  to  the  meaning  which  should  conven- 
tionally attach  to  the  word  "  inductance." 

This  word    **  inductance "    has   unfortunately  l)een  employed   by  different 
writers  in  two  senses,  and  has,  therefore,  given  rise  to  confusion  of  meaning  and 
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{)erplexit7  among  students.  In  Great  Britain,  Messrs.  Oliver  Heaviside  (who 
originated  the  term)  Andrew  Gray^,  Dr.  J.  A.  Fleming*  and  others,  have  em- 
ployed the  term  in  their  writings  as  representing  a  coefficient  of  induction  con- 
ventionally symbolized  by  the  dimensional  formula  L,  and  the  same  meaning 
has  been  employed  by  a  number  of  writers  in  this  and  other  countries.  On  the 
other  hand,  several  of  the  French  writei-s,  Professor  Silvanus  Thompson*  in 
Great  Britain,  followed  by  Mr.  Steinmetz*  and  others  in  this  country  and 
abroad,  have  employed  the  word  in  their  writings  as  signifying  the  product  of 
a  coefficient  of  induction  and  an  angular  velocity,  conventionally  symbolized  by 

L 

dimensional  formula  j; 

It  was  hoped  that  the  delegates  at  the  Chicago  International  Congress  would 
render  a  decision  as  to  the  meaning  which  should  conventionally  attach  to  th& 
word,  but  as  this  hope  was  not  realized  and  the  confusion  still  continues,  the 
above  mentioned  circular  letter  was  addressed  to  four  of  the  most  prominent 
electro-technical  associations  of  Europe  in  the  hope  of  ascertaining  by  the  favor 
of  their  replies,  the  consensus  of  opinion  upon  the  subject.  We  beg  to  append 
herewith  the  replies  so  received. 

It  would  seem  that  in  the  opinion  of  the  Soci^te  Internationale,  "induct- 
ance "  should  be  regarded  as  the  product  of  a  coefficient  of  self-induction  and 
angular  velocity. 

The  London  Institution  of  Electrical  Engineers  considers  that  the  significa- 
tion of  the  term  should  be  that  which  its  originator,  Mr.  Oliver  Heaviside, 
attached  to  it,  viz.,  "The  coefficient  of  self-induction." 

The  Physikalisch-Technische  Reichsanstalt  gracefully  accepts  the  meaning 
offered  by  Dr.  Fleming  and  others,  viz.,  **  A  Coefficient  of  Induction." 
The  Elektrotechnischer  Verein  expresses  no  opinion. 

In  expressing  our  indebtedness  to  these  institutions  for  their  courtesy  in 
according  to  us  their  views,  your  committee  desires  to  recommend  the  opinions 
expressed  by  the  British  and  German  bodies  that  "  Inductance "  should  mean 
"  A  Coefficient  of  Induction,"  and  while  we  regret  that  this  opinion  is  not  uni- 
versal, and  that  the  members  of  so  eminent  a  body  as  La  Societe  Internationale 
of  Paris  should  have  taken  an  opposite  view  of  the  subject,  yet  we  believe  that 
the  majority  of  the  opinions  obtained  entitles  us  to  recommend  to  the  Institutb 
the  adoption  of  the  word  **  Inductance  "  as  a  "  Coefficient  of  Induction  "  con- 
ventionally symbolized  by  L. 

Yours  respectfully, 

F.  B.  Ceocker, 
William  E.  Geyer, 
W.  D.  Weaver, 
A.  E.  Kennelly, 
Geo.  a.  Hamilton, 

Committee, 

1.  **  Abs.  Meaa.  in  Electricity  and  Magnetism  **  vol.  ii.,  pp.  344  and  345. 

2.  **  The  Alternating  Current  Transformer." 

3.  **  Djmamo  Electric  Machinery,"  4th  edition,  p.  609. 

4.  Steinmeu  "Transactions  A.  I.  E.  E."  vol.  iz.,  No.  x,  p.  61,  January,  1893,  also  vol.  x., 
p.  231,  April,  1893. 
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Paris,  le  13  Deoembre,  1893. 
Society  Internationale  des  i^lectriciens,  Reoonnue  d'utilit^  pablique, 

44  Rae  de  Rennes,  44  (place  St.  Gerroains-des-Pr^s,)  Paris. 
A  Monsieur  A.  K.  Kennelly,  Chairman 

Ameeican  Institute  of  Electrical  Enoineebs,  6  New  York. 

Monsieur  : — Par  votre  lettre  du  10  Novembre  dernier,  vous  livez  bien  voulu 
demander  ft  la  Soci6t6  Internationale  des  Electriciens  d^exprimer  son  opinion 
sur  la  signification  conventionnelle  qu'il  conviendrait  d'adopter  pour  le  terme 
"Inductance." 

Le  desir  a  6t6  transmis  ft  la  Sooi6te  dans  sa  dernidre  Reunion  Mensuelle. 

Gonsiderant  qu'une  Commission  sp^ciale  de  la  Societe  a  d§lib6re  sur  ce  point 
«n  Mai  dernier,  et  que  ses  conclusions,  approuvees  en  seance,  ont  6t6  jpubliees 
dans  le  BeUetin  Mensuel  de  Juin,  1893  (page  285),  la  Reunion  a  4te  (ravis  de 
maintenir  ses  conclusions  prec^dentes  ft  Tegard  de  la  locution  visee. 

Ye  vous  adresse,  d'antre  part,  le  fascicule  du  Bulletin  contenant  la  delibera- 
tion de  la  SociSte. 

Veuillez  agreer,  Monsieur,  Texpression  de  mes  sentiments  les  plus  distingues. 

Le  Secretaire  du  Comitt, 

(Signature) 

Translation.  , 

Sir: — In  your  letter  of  the  10th  ult.,  vou  have  expressed  a  request  that  the 
Societe  Internationale  des  Electriciens  should  express  an  opinion  upon  the  con- 
ventional signification  that  should  attach  to  the  word  "  Inductance. 

This  request  has  been  laid  before  the  Societe  at  its  last  monthly  meeting.  In 
consideration  of  the  fact  that  a  special  committee  of  the  Societe  consider^  this 
point  in  May  last,  and  that  its  conclusions,  approved  in  session,  were  published 
m  the  Bulletin  Mentiuel  of  June,  1893,  page  285,  the  meeting  decided  to  main- 
tain its  prior  conclusion  in  regard  to  the  said  term. 

I  beg  to  forward  to  you  a  copy  of  the  Bulletin  containing  the  views  of  the 
Societe,  and  remain,  etc. 

The  following  extracts  from  the  record  forwarded  by  the  Soci^t^  appear  to  be 
the  only  ones  bearing  upon  this  question. 

La  Commission  estime  que  les  expressions  de  eoeffldent  de  self-induction  et  de 
coefficient  d'induciion  rnutuelle  sont  employees  depuis  longtemps  sans  ambigulte 
et  quMl  n'y  a  pas  de  raison  de  les  changer. 

"La  Commission  propose  de  donnerun  nom  ft  la  grandeur  dont  le  carre 
ajoute  au  carre  de  la  resistance  d'un  circuit  traverse  par  un  courant  periodique 
donne  le  carre  de  sa  resistance  apparantc.  Le  nom  de  reactance  pourrait 
convenir  ft  cette  grandeur." 

A  full  translation  of  the  report  has  appeared  in  the  Transactions  of  the 
American  Institute,  Vol.  X.,  page  419. 

From  the  official  i-ecord,  therefore,  the  views  of  the  Societe  might  remain  in 
doubt.  The  views  expressed  by  prominent  members  of  the  Societe  upon  "  in- 
ductance "  appear,  however,  in  discussions  upon  this  subject  published  in  pre- 
ceding numbers  of  the  Bulletin  Meneuel^  and  which  appear  in  abstract  in 
the  Transactions  of  the  American  Institute  of  Electrical  Engineers,  Vol. 
X.,  pages  407  and  411.  From  these  opinions  which  are  not  controverted  in  the 
official  report,  the  above  stated  conclusion  has  been  reached  concerning  the 
attitude  of  the  French  Institute  in  the  matter. 

Elektrotechnischer  Verein. 

Berlin,  den  14ten  December,  1893. 
In  beantwortung  ihres  geehrteu  schreibens  vom  10  v.  mts.  theile  ich  ihnen 
ergebenst  mit,  dass  der  ausdruck  '*  Inductance  "  in  deutschen  wissenschaft- 
lichen  werken  nicht  gebrauchlich  ist. 
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loh  bedaure  daher  sehr,  Ihnen  mit  der  gewunschen  auskunft  nicht  dienen  zu 
k6nnen. 

H  oohachtungs  Yoll, 
NoEDMANN,  Schriftftthrer  des  Elektrotechnischer  Vereins. 

An  das  Cdmite  on  Units  and  Standards, 

American  Ikstitute  op  Electrical  Engineers, 

per  A.  E.  Kennelly,  Chairman,  New  York. 

Translation. 

In  reply  to  your  favor  of  the  10th  ult.,  I  beg  to  inform  you  that  the  expres- 
sion ** Inductance"  is  not  customary  in  German  scientific  works. 

I  therefore  regret  that  I  am  unable  to  give  you  the  desired  information. 

Nordmann,  Secretary  of  the  Elektrotechnisher  Verein. 


Phtsikalisch-Technische  Reicrsansta^t.    Antheilung  II. 

Charlottenburg,  den  22ten  December,  1893. 
Berliner  Str.  151. 

Auf  the  aufrage  ihres  Committee  on  Units  and  Standards  vom  14  v.  Mts. 
beehrt  sich  die  Keichsanstalt  folgendcs  zu  erwiedern. 

Wie  ihnen  bekannt  sein  dCLrfte,  wird  in  Deutschland  der  Ausdruck  *'  Induc- 
tance *'  aberhaubt  nicht  ^ebraucht.  In  rein  wissenschaftlichen  Abhandlungen 
und  der  wechselseitigen  mduction  hauflg  die  Ausdrucke  "Potential  einer  spule 
auf  sich  selbst "  und  "Potential  einer  spule  auf  die  andere,"  wahrend  in  tech- 
nischwissenschaftlichen  arbeiten,  und  neuerdings  auch  in  rein  wissenschaft- 
lichen aufsatzen  die  ersteren  Bezeichnudgen  bevorzugt  werden. 

In  der  englischen  Litteratur  wird  wenigstens  von  massgeben  den  Autoren  das 
Word  "  Inductance "  stets  im  sinne  eines  Induction  Coefficienten  angewandt 
und  hat  somit  die  dimensionen  einer  lange  (vgl.  Z.  B.  Fleming,  The  alternate 
current  transformer,  Vol.  I,  p.  51  und  Hospitalier.  Bericht  tlber  die  verhand- 
lungen  des  Intemationalen  Elect rotechnicher  congresses  zu  Frankfuft  a  M.  1891, 
p.  64) 

In  dem  ohm'schen  gesetz  fur  sinusoisale  strome  tritt  der  inductions  coefiicient 
L  bekanntlich  im  nenner  ^M*  +  p*  L*  multiplicirt  mit  einer  Winkelee- 
schwindigkeit  p  auf,  so  dass  das  Product  pL  die  dimensionen  eines  widersbandes 
hat.  Zur  Underscheidung  von  dem  ohm'sehen  widerstand  i?  wird  deshalb  auch 
in  der  englischen  litteratur  die  gr6sse  pL,  den  man  in  Deutschland  keineu  be- 
sonderen  namen  gegeben  hat,  «us  **  inductive  resistance  "  bezeichnet  (Fleming 
loc.  cit  p.  116);  durch  diesen  ausdruck  wird  die  von  ihnen  erwahnte  zweidettt- 
igkeit  im  bebranch  des  wortes,  inductance  vermieden. 

Physikalisch-Technische  Reichsanstalt, 

Antheilung  II.     Hagen. 
To  the  American  Institute  of  Electrical  Engineers, 

New  York  City,  U.  S.  A. 
P.  T.  R.,  IL,  5524. 

Translation. 

To  the  question  of  your  committee  on  ** Units  and  Standards"  of  the  14th 
ult.,  the  Keichsanstalt  has  the  honor  to  reply,  a:<  follows: 

As  you  are  doubtless  aware,  the  term  ''  Inductance  "  is  not  used  at  all  in 
Germany.  In  purely  scientific  works  the  notion  of  a  coefficient  of  self-induc- 
tion and  of  mutal  induction  commonly  finds  expression  as  *'  the  potential  of  a 
coil  upon  itself"  or  as  "the  potential  of  a  coil  upon  another,"  wnile  in  tech- 
nical scientific  works,  and  recently  also  in  purely  scientific  works,  the  first  men- 
tioned expressions  are  preferred. 

In  English  literature,  at  least  by  prominent  authors,  the  word  **  inductance  " 
stands  in  the  sense  of  a  coefficient  of  induction,  and  has,  therefore,  the  dimen- 
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sions  of  a  length  (see  for  example  Fleming,  the  Alternate  Current  Transformer, 
vol.  i.,  p.  51,  and  Hospitalier  Bericht  uber  die  Verhandlungen  des  Internation- 
alen  Electrotechnicer  Congresses  zu  Frankfurt,  a  M,  1891,  p.  64). 

In  Ohm's  law  for  sinusoidal  currents,  the  coefficient  of  induction  L  is  known 
to  enter  the  expression  V-K*  +  p'  L*  multiplied  by  an  angular  velocity  p,  sa 
that  the  product  p  L  has  the  dimensions  of  a  resistance.  To  distinguish  this 
from  the  ohmio  resistance  R,  the  quantity  p  L  which  has  not  received  in 
Germany  a  special  name,  has,  therefore,  in  English  literature  been  denoted  by 
the  term  **mductive  resistance"  (Fleming,  loc.  cit.,  p.  116);  through  these 
expressions  the  ambiguity  you  have  pointed  out  in  the  use  of  the  word  "in- 
ductance "  may  be  avoided. 

Physikaliseh-Technische  Reichsanstalt, 

Section  II,  Hagen. 


The  Institution  of  Electrical  Enoineees.   Founded  1871.  Incorporated  1883. 
Victoria  Mansions,  28  Victoria  Street,  London,  S.  W., 
November  28,  1893. 

My  dear  Sir:— I  beg  to  acknowledge  receipt  of  your  letter  of  the  9th  inst., 
which  I  will  take  the  earliest  opportunity  of  communicating  to  the  Council  of 
the  Institution. 

I  am,  my  dear  Sir,  yours  faithfully, 

F.  H.  Webb,  Secretary. 

Chairman  on  the  Committee  of  Units  and  Standards, 
American  Institute  Electrical  Engineers. 

The  Institution  OF  Electrical  Engineers.  Founded  1871.  Incorporated  1883. 
Victoria  Mansions,  28  Victoria  Street,  London,  S.  W., 
December  15,  1893. 

DEARSia: — ^Referring  to  your  letter  of  the  9th  ult.,  the  receipt  of  which  I 
acknowledged  on  the  28th,  I  beg  to  inform  you  that  the  Council  have  appointed 
a  special  Committee  to  consider  the  question  which  you  have  put  to  them,  and 
as  the  new  Council  to  whom  the  Committee*8  report  must  be  submitted  do  not 
meet  until  next  month,  it  will  be  some  little  time  before  I  am  able  to  send  you 
a  definite  reply. 

I  am,  dear  Sir,  yours  faithfully, 

F.  H.  Webb,  Secretary. 

Chairman  on  the  Committee  of  Units  and  Standards, 

American  Institute  of  Electrical  Engineers. 

The  Institution  of  Electrical  Engineers 
(late  the  Society  of  Telegraph  Engineers  and  Electricians). 
Founded  1871.     Incorporated  1883. 
Victoria  Mansions,  28  Victoria  Street,  London,  S.  W., 

April  18, 1895. 

Dear  Sir: — In  reply  to  your  request  for  the  opinion  of  this  Institution  as  to- 
the  meaning  that  should  conventionallv  attach  to  the  term  '*  Inductance,"  I 
am  now  instructed  to  inform  you  that  the  (^ouncil  consider  th&t  the  significa- 
tion of  the  term  should  be  that  which  its  orginator,  Mr.  Oliver  Heaviside^ 
attached  to  it,  viz.,  **the  Coefficient  of  Self-induction." 

I  remain,  dear  Sir,  yours  faithfully, 

F.  H.  Webb,  Secretary. 

Chairman  on  the  Committee  of  Units  and  Standards, 

American  Institute  of  Electrical  Engineers. 
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The  PREsrDENT : — You  liave  heard  this  report  of  the  Com- 
mittee on  Units  and  Standards.  What  action  will  you  take  on 
it? 

Mr.  Hewitt  : — Would  it  not  be  well,  before  taking  action,  to 
ask  Mr,  Steinmetz  to  give  us  some  reason  for  using  tne  term  as 
he  has  in  his  writings. 

The  President  : — The  Chair  would  be  happy  to  call  on  Mr. 
Steinmetz. 

Mr.  Steinmetz  : — I  hardly  think  I  shall  be  able  to  give  here  a 
complete  statement  answering  these  questions. 

I  did  not  originate  the  use  of  the  term  "  inductance  "  in  this 
meaning  as  a  wattless  resistance,  but  adopted  it,  following  the 
precedence  of  others,  as  S.  P.  Thompson. 

It  was  in  telegraphy  that  the  effect  of  self-induction  was  first 
observed  in  practice,  and  denoted  by  the  term  "time  constant  of 
the  circuit." 

With  the  advent  of  alternating  current  engineering,  self-in- 
dnction  became  of  importance  in  electric  light  and  power  distri- 
bution and  transmission,  as  a  phenomenon,  consuming  e.  m.  f. 
proportional  to  the  current  strength,  analogous  to  resistance ; 
witn  the  distinction,  however,  that  the  e.  m.  f.  consumed  by  the 
resistance  is  in  phase  with  the  current,  and  thereby  represents 
consumption  of  energy,  while  the  e.  m.  f.  consumed  by  self-in- 
duction is  in  quadrature  with  the  current,  and  thus  does  not  con- 
sume energy,  but  merely  influences  the  flow  of  current. 

It  became  necessary  when  dealing  with  alternating  currents 
to  introduce  a  term  analogous  and  of  the  same  dimension  as 
resistance,  and  for  this  wattless  resistance  as  apparently  the  best 
suitable  word,  the  name  inductance  offered  itself  and  was  applied 
frequently,  while  the  quantity  L  retained  its  former  name  *'  co- 
eflScient  induction,"  which  seems  to  me  no  drawback,  since  Z  ia 
used  very  little  in  practice. 

The  necessity  for  a  proper  name  for  ^tz  N  L  was  universally 
felt ;  and  a  great  number  of  different  names  were  proposed  and 
abandoned  again  ;  in  short,  it  was  a  groping  for  a  proper  term^ 
"  Magnetic  momentum,"  "  inductance  speed,"  "  ohmic  induc- 
tance," etc.  were  used.  Since,  however,  the  name  'inductance" 
appeared  to  be  the  best  suitable,  and  though  introduced  for  Ly 
seemed  to  me  very  little  needed  for  this  quantity,  I  saw  rib  ob- 
jection to  the  use  of  "inductance"  for  ^n  N  Lot  rather  for  the 
wattless  resistance  which,  as  you  know,  may  be  due  to  other 
causes  also,  as  to  capacity. 

In  circuits  containing  capacity,  we  find  a  wattless  resistance  of 

the  value =f=^^^  which,  however,  is  of  opposite  direction  to 

the  inductance  of  self-induction,  hence,  is  to  be  introduced  as 
negative  inductance  and  has  been  called  "condendance."  But  out- 
side of  self-induction,  capacity  and  polarization  which,  afi  produ- 
cers of  quadrature  b.  m.  f.'s,  give  rise  to  a  true  wattless  resistance ; 
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other  phenomena  exist  which  cause  a  phase  displacement  be- 
tween current  and  b.  m.  f.,  as  mutual  induction,  live  e.  m.  f.'s  of 
synchronous  motors,  parallel  running  generators,  or  induction 
meuihines. 

Thus  in  dealing  with  the  general  alternating  circuit,  the  £.  m.  f. 
can  be  dissolved  mto  two  components,  one  in  phase  with  the  cur- 
rent and  representing  consumption  of  energy,  and  one  in  quad- 
rature with  the  current,  or  wattless. 

The  former  is  due  to  the  ohmic  resistance,  hysteresis,  etc.,  as 
more  fully  discussed  in  my  paper  before  the  Electrical  Congress, 
at  Chicago,  and  may  be  represented  by  the  term  *'  equivalent 
resistance,"  while  the  latter  is  due  to  self-induction,  capacity, 
€tc. 

While  the  name  "equivalent  resistance"  for  the  coefficient 

B.  H.  F.  in  phase  with  the  current  ,     i  . .  •  .       ^v 
r appears  to  be  quite  appropnate,  the 

,  .    ,      ,           „  -      ,,      ^          B.  M.  F.  in  quadrature  with  the  current 
name  '•  mductance  "  for  the  term currenT"" 

is  really  not  very  appropriate,  since  this  does  not  well  apply  to 
capacity,  inductance,  etc. 

As  a  more  appropriate  name,  the  term  reactance  has  been  pro- 
posed for  wattless  resistance,  and  the  '*  reactance  "  called  "  induc- 
tance "  when  positive,  as  when  due  to  self-induction,  and  "  con- 
densence  "  when  positive,  as  when  due  to  capacity  or  polariza- 
tion. 

Dii.  Frederick  Bedell: — I  would  heartily  endorse  the  re- 
marks of  Mr.  Steinmetz,  but  would  not  ffive  to  "  inductance " 
quite  such  a  general  signification;  that  is,  I  would  limit  it  simply 
to  the  term  including  self-induction,  being  equal  to  the  coefficient 
of  self-induction  multiplied  by  2  ;r  X  frequency.  To  the  terra 
including  capacity  as  well  as  self-induction,  the  name  "  reactance" 
has  been  given  and  might  be  retained,  although  that  is  not  the 
point  in  question.  But  when  it  comes  to  the  question  of  using 
^Mnductance"  as  the  coefficient  of  self-induction,  or  as  the  pro- 
duct of  this  coefficient  and  the  angular  velocity,  it  seems  to  me 
that,  for  practical  convenience  and  for  making  mathematical  and 
other  writing  clear,  we  should  choose  the  latter. 

Mr.  a.  E.  Kennelly  : — Mr.  President  and  gentlemen, — This 
matter  is  a  vexed  question,  because  there  are  two  completely 
opposite  views  in  the  case.  If  the  question  were  whether  the 
word  "  inductance  "  should  or  should  not  be  applied  to  a  "  watt- 
less resistance,"  that  would  be  one  thing ;  or  whether  it  should 
or  should  not  be  applied  to  a  coefficient  of  induction,  that  would 
be  another  thing.     There  might  be  two  views  to  either  of  those 

?[uestions.  But  having  the  word  "  inductance  "  in  use  and  in 
requent  application,  the  question  is,  should  it  be  accepted  as 
meaning  a  "  wattless  resistance,"  or  as  a  '*  coefficient  of  induc- 
tion "  ?  Here  is  the  great  confusion,  and  if  we  look  through 
the  writings  of  this  countrjr  and  the  writings  of  Europe,  we 
frequently  find  these  two  different  meanings  employed  tor  the 
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game  word  indactauce  ;  so  it  is  very  important  that  some  con veD- 
tion  should  be  made  to  decide  whicn  meaning  to  retain,  and  when 
we  have  once  selected  that  meaning  we  should  adopt  it  there- 
after, no  matter  what  our  own  particular  views  may  be.  I  think  all 
of  us  are  ready  to  sacrifice  our  own  personal  views  for  the  bene- 
fit of  electrical  engineering,  if  we  can  only  have  a  settlement  of 
the  matter  once  for  all.  We  all  hoped  that  the  Chicago  Electri- 
cal Congress  would  settle  it ;  that  they  would  place  their  dictum 
on  this  matter  and  say  we  want  "inductance"  to  mean  so  and 
so.  But  the  Chicago  Congress  unfortunately  had  many  other 
things  to  attend  to  and  they  left  the  matter  absolutely  untouched. 
So  in  the- hope  that  we  might  settle  this  question  before  the 
next  Congress  convenes  and  tnus  avoid  further  confusion,  these 
letters  were  addressed,  under  the  direction  of  the  committee  on 
Congress  work,  to  the  Institutions  of  Europe  asking  for  their 
opinions.  We  have  received  four  opinions  from  Europe,  and  two 
of  those  opinions  are  in  favor  of  using  "inductance"  as  the  co- 
efficient of  induction.  The  members  of  the  French  Institute,  on 
the  other  hand,  have  shadowed  their  belief  that  it  should  be  used 
to  mean  a  "wattless  resistance."  Our  own  committee  was  in 
favor  of  using  it  as  the  coefficient  of  induction.  So  we  submit 
that  the  general  opinion  is  in  favor  of  using  "  inductance  "  as 
the  coefficient  of  induction,  and  not  as  a  resistance.  One  strong 
argument  is  that  the  man  who  introduced  this  term,  Mr.  Oliver 
Heaviside,  introduced  it  as  the  coefficient  of  induction,  and  the 
burden  of  proof  should  be  on  those  who  want  to  change  the 
meaning  that  he  gave,  to  show  why  it  should  be  changed.  We 
submit,  therefore,  that  the  Institute  should  adopt  the  term  as 
meaning,  either  a  coefficient  of  self-induction  or  of  mutual  in- 
duction. 

The  PREsroENT: — What  action  will  you  take  in  this  matter? 

Mr.  James  Hamblet:— I  move  that  the  decision  of  the  Insti- 
tute be  as  the  committee  has  recommended. 

Mb.  Steinmbtz  : — I  fear  that  the  adoption  of  such  a  definition 
of  the  term  "inductance"  will  tend  to  increase  the  confusion 
by  inducing  writers  to  use  the  terra  without  definition,  while 
now,  where  the  term  "  inductance"  is  known  to  be  ambiguous,  it 
is  usually  defined  when  used,  for  instance,  by  tlie  addition  of 
"ohmic,"  etc. 

How  difficult  it  is  to  get  universal  adoption  of  such  a  name, 
especially  by  those  who  before  used  a  different  name,  has  been 
shown  by  the  fate  of  the  term  "effective."  Several  interna- 
tional congresses  adopted  the  name  "  effective  value  of  the  alter- 
nating wave  "  for  the  square  root  of  the  mean  square,  since  this 
represents  the  effect  on  the  power  of  the  wave.  Before  the 
adoption  of  this  term,  S.  P.  Thompson  had  introduced  for  this 
quantity  the  term  "  virtual,"  and  has  never  accepted  the  terra 
"  effective,"  and  the  result  is,  great  confusion,  especially  among 
those  very  people  for  whom  S.  P.  Thompson's  book  is  written — 
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the  students  of  electrical  en^neering.  European  bodies  are  in 
general  not  in  sufficiently  close  touch  with  the  practice  to  be 
able  to  say  whether  the  one  or  the  other  definition  is  more  con- 
venient, so  that  their  opinions  in  this  case  are  not  as  important  as 
in  strictly  scientific  matters ;  consequently  I  would  rather  like  to 
see  the  question  unsettled  until  a  future  time  when  practice  will 
have  decided  which  is  the  more  convenient. 

I  am  inclined,  however,  to  prefer  the  term  '-^  reactance  "  and 
to  restrict  the  term  inductance  to  the  reactance  of  self  and 
mutual  induction. 

Mr.  Kennelly  : — Does  Mr.  Steinmetz  mean  that  we  should 
try  to  sustain  the  confusion  that  exists?  Surely  if  confusion 
does  exist,  as  he  admits,  should  you  not  try  to  come  to  some  con- 
vention  that  shall  put  an  end  to  that  confusion  ? 

Mr.  Steinmetz  : — Have  we  the  best  ? 

Mr.  Kennelly  : — We  have  adopted  the  best  means  that  we 
knew  of. 

The  President:— Mr.  Hamblet's  motion  is  before  the  house. 
Does  any  other  gentleman  wish  to  speak?  It  is  moved  and 
seconded  that  the  Institute  adopt  the  recommendation  of  the 
Committee  on  Units  and  Standards  as  to  the  meaning  that  should 
be  attached  to  the  word  "  inductance." 

[The  motion  was  carried.] 

Mr.  Steinmetz  : — The  general  consensus  of  opinion  is  that  a 
term  is  badly  needed  for  the  "  wattless  resistance,"  that  is,  the 
"  quadrature  component  of  impedance,"  for  which  I  intended  to 
use  the  term  "inductance."  Inductance  has  been  taken  now 
for  the  coefficient  of  self-induction.  Therefore  I  propose  that 
the  Institute  adopt  as  the  term  for  the  ratio : 
quadrature  component  of  e.  m.  f.    .  ..  ^       ,  „ 

2 r — the  name  "  Reactance. 

current 

Mr.  Kennelly  : — I  second  the  motion. 

The  President  : — It  is  moved  and  seconded,  as  you  have 
heard.  If  the  Chair  may  express  an  opinion,  itwould  be  that 
this  is  a  very  good  settlement  of  the  question. 

[The  motion  was  carried.] 

The  President: — There  is  another  recommendation  of  the 
Committee  on  Units  and  Standards. 

The  Secretary  read  the  second  recommendation  of  the  Com- 
mittee favoring  the  legalization  by  the  United  States  Congress 
of  the  electrical  units  adopted  by  the  Chicago  Electrical  Con- 

Sess  of  1 893,  and  also  the  following  extract  &om  the  report  of 
e  New  York  meeting. 

Prof.  Crocker  : — I  move  that  it  is  the  sense  of  this  meeting  that  the  passage 
of  the  bill  legalizing  the  electrical  units  adopted  at  the  Chicago  Electrical  Con- 
gress of  1893,  be  recommended. 

Mr.  George  M.  Phelps: — Mr.  Chairman,  if  you  will  permit  me  I  will  sug- 
gest a  slight  addition,  to  make  the  action  possibly  stronger,  and  that  is,  that 
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this  meeting  recommend  to  the  general  and  annual  meeting  of  the  Institute 
to  be  held  in  May,  a  more  formal  endorsement  and  recommendation  of  the 
measure.  I  offer  this  because  one  or  two  speakers  suggested  that  this  meeting 
give  its  sense  on  this  subject,  and  that  the  general  meeting  in  May  might  take 
a  more  formal  action. 

Prof.  Crocker: — I  accept  the  amendment. 

The  President: — Gentlemen,  it  is  moved  and  seconded,  as  you  have  heard. 
Are  you  ready  for  the  question? 

[The  motion  was  put  and  carried.] 

The  PBESiDENr :— What  action  will  you  take  on  this  recom- 
mendation ? 

]kf R  Hewitt  : — Would  it  not  be  in  order  to  specify  in  the  res- 
olution the  manner  of  presenting  it  to  Congress  ? 

The  President  :-  -I  think  it  would  be  well  for  the  Institute 
first  to  determine  if  it  wishes  to  adopt  this  resolution.  The 
question  is  on  the  adoption  of  the  resolution.  Afterwards  you 
can  determine  how  it  is  best  to  carry  it  out. 

Mb.  Carl  Herino  : — I  move  that  the  resolution  be  adopted. 

[The  motion  was  carried.] 

The  President: — ^I  think  it  would  be  proper  for  the  iNSTrruTE 
to  appoint  a  small  committee  to  see  that  this  matter  be  carried 
out. 

Mb.  Hering: — I  suggest  that  the  Committee  on  Units  and 
Standards  constitute  this  body. 

The  President  ; — It  is  moved  hj  Mr.  Hering  that  this  matter 
be  referred  to  the  Committee  on  Units  and  Standards. 

[The  motion  was  carried.] 

The  President  : — There  is  another  announcement  I  wish  to 
make.  Mr.  Edwin  J.  Hall,  of  tlie  American  Telephone,  and 
Telegraph  Company,  says  that  the  company  desires  to  extend  the 
use  of  the  long  distance  lines  to  the  members  of  the  Institute 
while  they  are  in  this  city  The  office  of  the  company  is  at  114 
South  Fourth  Street,  Philadelphia.  The  secretary  has  some  an- 
Douucements  to  make 

The  Seobetaby  : — At  the  meeting  of  the  Council  held  this 
morning  the  following  associate  members  were  elected : 

Name,  Address.  Endorsed  by. 

Berresford,  Arthur  W.,  B.  8,^  M.  E.  Electrician.  Brook-  Samuel  Sheldon. 
Ivn  City  R.  R.  Co.,  197  Van  Frederick  Bedell. 
Suren  St.,  Brooklyn,  N.  Y.        Aug.  Tread  well,  Jr. 

BiJUR,  Joseph                   Student  in  Electrical  Engineering,  *F.  B.  Crocker. 

Columbia    College,      Residence.  George  F.  Sever. 

41    West  53rd   St.,    New  York  M,  I.  Pupin. 
City. 

Chadbourne,  Henry  R.,  Jr.  Electrical  Engineer,  Trov  T.  C.  Martin. 
City  Ry.  Co.,  Troy,  N.  Y,  *        E,  G.  Bernard. 

J.  B.  Cahoon. 
Cha8.  D.  Shain. 

Childs,  Sumner  W.  Supt.  of  Line  Construction,  J.  G.  C.  G.  Young. 

White    &    Co.,    1425    Maryland  J.  G.  White. 

Ave.,  Baltimons  Md.  Wm.  C.  Burton. 
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Clark,  LeKoy,  Jr. 
doolittle,  c'larewt^k  k. 
Dorr,  Frank  H. 
Gladino,  Frank  W. 
Hartwrll,  Arthur, 
Haviland,  Foster  L. 
Hewitt,  William  R. 

HoLBERTOX,  George  C. 
Morse,  George  H. 

Nicholson,  Walter  W. 
Philbrick,  B.  W. 


Post-Graduate  Student  in  Electrical 
Engineering,  Columbia  College, 
350   W^st  30th  St.,   New  York 

Manager  and  Electrician,  Roaring 
Fork  Electric  Light  and  Power 
Co.,  Aspen,  Colo. 


M.  I.  Pupiii. 
H.  A.  Storrs. 
F.  B.  Crocker. 
F.  B.  Bwlt. 
A.  H.  Cowles. 
Wm.  A.  Anthony. 


Engineering  Dept.  General  Elec- 
tric Co,  425  Baker  St.,  San 
Francisco.  Cal. 


Ijehigh  University,   2005  East 
•    York  St.,  Philadelphia,  Pa. 


T.  C.  Martin. 

Jos.  Wetzler. 

L.  Stieringer. 

Edwin  J.  Houston. 

A.  E.  Kennelly. 

George  E.  Wendle. 

Electrical  Engineer.  Westinghouse     Chas.  A.  Terry. 

Electric   and    Mfg.    Co.,   Pitt«-      Albert  Sch mid. 

burg.  Pa.  Charles  F.  Scott. 

With     Clark    Electric    Co.,     192  E.  P.  Clark, 

Broadway  ;    Residence,    163  St.     Ralph  W.  Pope. 

Nicholas  Ave..  New  York  City.  R.  N.  Bayiis. 

Special  Student,   Electrical   Dept.  M.  I.  Pupin. 

Columbia  College  ;  130  E.  60th  IL  A.  Storrs. 

St.,  New  York  City.     Resi-         C.  T.  Rittenhouse. 

dence,  San  Francisco,  Cal. 

Electrical  Engineer,  General  Elec-        A.  L.  Rohrer. 

trie  Co.,  15  First  St.,  San  Fran-      H.  F.  Parshall. 

Cisco,  Cal.  Wm.  E.  Geyer. 

Assistant  Instructor  in  Electrical    G.  D.  Shepardson. 

Engineering,  University  of  Min-     Moigan  Brofjks. 

nesota,  Minneapolis.     Residence,    M.  H.  Gerry,  Jr. 

Excelsior,  Minn. 

General  Supt.  Central  N.  Y.  Tele-  F.  A.  Pickeniell. 

Shone    and    Telegraph  Co.,    73        U.  N.  Bethell. 
[oward  Ave.,  Utica,  N.  Y.      Hammond  V.  Hayes. 
Electrician,  in  charge  of  Electrical         T.  C.  Martin. 
Plant.  Levi  P.  Morton,   Rhine-     Chas.  D  Shain. 
cliff,  N.  Y.  F.  Saxelby. 

E.  G.  Bernard. 

RicKER,  Charles  W.        Expert    Electrical    Engineer,    109      Chas.  R.  Cross. 

White  Building,  Buffalo,  N.  Y.    Edw.  E.  Higgins. 

Henry  H.  Wait. 

Sharp,  Clayton  H.  Instructor,  Department  of  Physics,   Edw.  L.  Nichols. 

Cornell  University,  122  Univers-     Harris  J.  Ryan. 

ity  Ave.,  Ithaca,  N.  Y.  C.  P.  Matthews. 

Stine.  Prop.  Wilbur  M.  Director  Electrical  Dept.,  Armour      Edw.  Caldwell. 

Institute,  Chicago,  111.  Joseph  Wetzler. 

H.  A.  Foster. 


Tower,  George  A. 


Wharton,  Hugh  M. 


Winchester,  Samuel  B. 


Total  21. 


Electrical  Engineer,  The  Sherwood     M.  B.  Leonard. 

Land  Co.  and  The  Jefferson  Ho-      C.  E.  McCluer. 

tel  Co.,  109  S.  First  St.,  Rich-  George  Hill. 

mond,  Va. 
Electrical  Engineer,  Westinghouse     A.  E.  Kennelly. 

Electric  and  Mfg.  Co.,  29  Edwin  J.  Houston. 

Plane  St.,  Newark,  N.  J.  L.  A.  Osborne. 

Supt.    and    Electrician,     Holyoke    C.  P.  Steinmetz. 

Water  Power  Co  ,  9  Laurel  St.,    W.  L.  R.  Emmet. 

Ilolyoke,  Mass,  Theodore  Stebbins. 


The   following   associate  members   were  transferred   to   full 
membership : 
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LoRRAiN,  James  Grieve        Norfolk  House,  Norfolk  St.,  London,  W.  C,  Eng- 
land. 

Wiener,  Alfred  E.  Electrical  and  Mechanical  Engineer,   General  Elec- 

tric Co. ,  24  Yates  St  .  Schenectady,  N.  Y, 

Craigin,  Henry  A.  Engineer.  Westinghouse  Electric  and  Mfg.  Co.,  15 

Charles  St.,  Boston  Mass. 

Hasson   W.  F.  C.  Consulting  Engineer.  104  Sutter  St.,  San  Francisco, 

Cal. 

Ives  Edward  B.  Lieutenant  U.  S.  A.,  Electrical  Engineer,  nth  and 

ColonaSts.,  Philadelphia,  Pa. 

Total  5* 

The  Secretary  also  read  invitations  from  the  following:  A. 
Falkland,  Girard  College,  The  Historical  Society  of  Philadel- 

fhia,  The  La  Roche  Electric  Works,  Queen  &  Co.,  Dr.  William 
^epper,  The  Germantown  Electric  Light  Company,  The  Engin- 
eers' Club,  Dr.  Wahl,  Secretary  Franklin  Institute,  Edwin  J. 
Houston,  on  behalf  of  the  Athletic  Club  of  the  Schuylkill  Navy, 
and  the  Drexel  Institute. 

The  President: — Gentlemen,  there  is  a  matter  which  was 
laid  on  the  table  at  one  of  our  meetings  which  you  may  wish  to 
bring  up.  It  is  my  duty,  as  presiding  officer,  to  call  your  atten- 
tion to  the  fact— the  report  of  the  Committee  on  Revision  of  the 
Rules,  do  you  wish  to  take  it  up  now,  or  is  there  any  other  busi- 
ness that  you  would  like  to  take  up  ? 

Mb.  Hewitt  :  —Mr.  President,  we  have  a  communication  from 
a  member  in  Chicago  in  reference  to  certain  matters  which  con- 
cern the  Institute.  It  seems  to  me  this  would  be  a  good  time 
to  consider  it.  Although  it  is  stated  that  there  is  a  memorial 
which  is  to  be  presented  later  it  may  come  at  some  time  when 
we  are  busy  with  something  else  and  we  should  not  be  able  to 
give  it  attention.     I  move  that  this  matter  be  brought  up  now. 

[The  motion  was  seconded  and  carried.] 

The  Secretary  read  a  letter  from  Mr.  Caldwell,  local  honorary 
secretary,  stating  that  a  memorial  had  been  prepared  by  a  com- 
mittee appointed  for  that  purpose,  asking  that  the  expenses  of 
the  meeting  at  Chicago,  for  reporting,  postage  etc.,  be  paid  from 
the  generaif  unds  of  the  Institute. 

NlR.  GEX)RaR  M  Phelps  : — In  order  to  have  some  action  to 
discuss  I  would  move  a  resolution  as  follows  : 

Resolved:  That  the  expenses  of  reporting  the  Chicago  meet- 
ings up  to  a  sum  not  exceeding  $10  per  meeting,  be  borne  by 
the  general  fund  of  the  Institute  until  further  notice. 

I  offer  that  resolution  because,  like  many  other  members,  I 
have  been  exceedingly  impressed  by  the  success  of  the  recent 
meetings  at  Chicago  and  the  merit  of  the  discussions  that  have 
taken  place  there.  It  is  practically  out  of  the  question  for  mem- 
bers in  that  vicinity  to  attend  a  meeting  in  New  York  oftener 
than  once  a  year  or  so,  and  they  have,  I  think,  amply  justified 
their  proposition  to  have  local  meetings  and  have  done  useful 
work.     It  seems  very  proper  that  we  should  bear  so  very  reason- 
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able  a  portion  of  the  expense  as  suggested  in  the  conimnnieation 
from  Mn  Caldwell. 

Me.  Hewitt  : — I  second  that  motion,  Mr.  President 

The  President: — Mr.  Phelps'  motion  has  been  seconded. 
Does  any  other  gentleman  wish  to  speak  on  the  subject  ? 

Mr.  Phelps  : — I  think,  Mr.  Chairman,  that  it  is  a  matter  that 
had  better  be  well  discussed  and  I  would  like  to  hear  expressions 
from  other  members. 

The  President:— This  is  a  matter,  gentlemen,  that  you  can- 
not be  too  careful  about  deciding  properly.  It  is  not  the  matter 
of  an  expense  of  $10  for  a  single  meeting,  but  it  is  the  very  grave 
matter  of  precedent.  The  Institute  should,  I  think,  properly 
consider  the  future  as  well  as  the  present,  and  while  1  would  be 
equally  desirous  with  any  member  of  doing  all  in  my  power 
to  obtain  the  freest  discussion,  yet  I  think  we  ought  to  consider 
carefully  as  to  whether  or  not  in  the  establishment  of  such  a  pre- 
cedent we  are  not  in  dangier  of  increasing  the  annual  dues  of 
membership.     I  think  that  should  have  a  luU  discussion. 

Mr.  Hamblet  : — Do  1  understand  Mr.  Phelps'  motion  to  limit 
the  expenditure  to  the  reporting  of  the  discussions  at  the  Chi- 
cago meetings? 

Mr.  Phelps  : — The  only  request  that  we  have  before  us  is  to 
do  exactly  that  thing.  The  letter  is  quite  specific  and  a  resolu- 
tion or  some  remarks  at  the  end  of  the  printed  report  of  the  Chi- 
cago meeting  is  to  the  6ame  effect ;  that  it  was  the  sense  of  the 
meeting  that  the  general  fund  of  the  Institute  should  meet  the 
expense  of  reporting  their  meetings.  There  was  in  addition 
some  little  charge  for  stationery  mentioned  by  Mr.  Caldwell,  but 
he  states  that  it  is  their  opinion  that  the  estimate  of  $10  per 
meeting  would  more  than  cover  the  expense  contemplated.  The 
expenses  contemplated,  I  believe,  are  merely  a  stenographic  re- 
port and  such  stationery  as  is  required  by  the  local  honorary  sec- 
retary in  conducting  the  correspondence. 

Mr.  Hewitt: — I  think  that  with  respect  to  a  great  many 
papers,  the  discussion  is  of  as  much  value,  if  not  more  value, 
than  the  paper  itself,  and  anything  that  this  Institute  does  to 
bring  forth  increased  discussion,  redounds  to  the  interest  of  the 
Instfiute  and  to  the  benefit  of  the  members,  and  anything  that 
we  may  do  in  order  to  aid  this  wider  discussion  is  to  our  benefit. 
I  do  not  sympathize  with  the  President  exactly  in  the  fear  of 
increased  dues,  because  I  believe  that  the  encouragement  of 
these  meetings  in  Chicago  and  other  such  cities  will  so  increase 
our  membership  as  to  offset  the  light  extra  expense.  I  well  know 
the  President's  fears  from  his  expression  of  tnem  elsewhere,  but 
I  must  say  that  I  cannot  feel  in  sympathy  with  him  on  this  ques- 
tion. 

Mr.  Hammer:— I  would  like  to  ask  for  the  reading  of  the  re- 
solution in  the  letter  again. 
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The  Secretary  read  the  part  of  the  letter  referred  to. 

Mr.  Hamaieb: — 1  think  it  is  very  reasonable  that  tlie  Chicago 
people  should  expect  to  have  a  certain  amount  of  the  funds  of 
the  Institute  placed  at  their  disposal.  1  think  it  ought  to  be 
done  only,  however,  after  careful  consideration  of  just  how  it 
should  be  done.  1  think  at  the  time  this  question  of  local  meet- 
ings was  threshed  out  in  the  different  Council  meetings  this  very 
f)oint  came  up  among  others,  and  it  was  suggested  then  that  if 
ocal  bodies  were  organized,  and  after  their  membership  attained 
a  certain  number,  the  Institute  would  assume  a  certain  por- 
tion of  their  expenses.  It  seems  to  me  that  if  this  matter  was 
referred  to  a  committee  they  could  consider  it  very  carefully  and 
recommend  some  plan  that  would  be  fair  .to  Chicago  and  to 
other  cities  that  would  take  the  matter  up  hereafter.  Supposing, 
for  instance,  it  was  decided  that  when  Chicago  gets  fifty  mem- 
bers, each  of  which  members  paying  annual  dues  of  $10,  the 
amount  would  represent  $500.  !Now  the  Institute  would  re- 
ceive that  $500,  and  in  view  of  the  fact  that  there  are  fifty  mem- 
bers of  the  Institute  residing  in  Chicago  a  certain  percentage  of 
the  receipts  could  go  to  that  organization,  and  for  any  expenses 
which  they  would  incur  over  and  above  that  amount  the  local 
organization  would  have  to  be  responsible.  I  merely  give  this 
AS  a  suggestion.  It  seems  to  me,  as  the  President  says,  we  ought 
to  be  careful  in  deciding  this  matter,  because  it  is  more  readily 
corrected  now  than  hereafter.  If  the  matter  is  referred  to  a 
committee,  I  think  they  could  formulate  some  plan  which  would 
give  satisfaction  to  Chicago  and  other  cities  which  would  form 
local  organizations  hereafter.  I,  therefore,  make  a  motion  that 
this  matter  be  referred  to  a  committee,  say,  of  three  appointed 
by  the  Chair. 

Mb.  Phelps  : — Mr.  President,  I  tried  to  express  the  resolution 
with  spme  particularity,  so  that  it  should  not  be  too  broad,  nor 
establish  a  too  serious  precedent.  The  resolution,  if  it  was  taken 
down  as  I  meant  to  express  myself,  was  confined  strictly  to  the 
request  in  the  letter  of  Mr.  Caldwell,  namely,  to  liave  the  ex- 
pense of  reporting  the  meetings  and  the  stationery  paid.  Now 
that  resolution,  if  passed,  I  think,  vould  not  necessarily  commit 
the  Institute  to  incur  tlie  general  expenses  of  local  bodies  or 
sections  at  any  time.  It  meets  this  specific  request,  on  the 
ground,  in  my  mind,  that  the  work  done  has  already  been  useful 
and  is  likely  to  become  more  important ;  that  it  has  led  already 
to  the  acquisition  of  five  members,  there  is  $50 ;  and  the  ex- 
penditure under  the  resolution  I  have  offered  is  limited  to  $10  a 
Tueeting.  There  are  not  likely  to  be  more  than  a  half  dozen 
meetings  in  a  year,  and  I  think  it  would  be  well  to  determine  the 
point  here  and  now,  rather  than  put  it  in  the  hands  of  a  com- 
mittee to  report  at  some  subsequent  period.  If  the  committee 
propose  to  report  at  this  meeting,  I  do  not  think  they  can  do 
much  better  than  the  meeting  itself  on  that  very  distinct  pro- 
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poBitiou,  which  I  do  not  regard  as  a  general  permiesion  to  all 
and  sundry  meetings  to  charge  the  Instftdte  with  all  and  sundry 
expenses. 

The  Seobetart  : — 1  would  like  to  make  a  few  remarks  for 
the  information  of  the  meeting  regarding  the  expense.  The 
Armour  Institute  at  Chicago  has  very  kindry^  placed  at  our  dis- 
posal a  hall  with  all  neces^ry  facilities,  without  charge.  The 
notices  for  the  meetinffs  at  Chicago  have  been  includeu,  as  you 
are  aware,  in  the  regular  postal  notice  which  is  sent  out  to  all 
members  wliich  adds  nothing  whatever  to  the  outlay.  The 
cost  woi^ld  be  the  same  either  with  or  without  the  Chicago 
meetings.  This  reduces  the  amount  simply  to  the  communica- 
tions of  the  local  honorary  secretary  with  the  New  York  office, 
or  such  communications  as  he  may  make  with  the  members  there 
in  arranging  for  meetings ;  so  that  there  is  really  very  little  ad- 
ditional expense  beyond  the  reporting  of  the  discussion.  We 
have  bad  the  discussion  of  two  of  their  meetings,  and  that  of 
the  last  meeting  was  printed  in  the  May  number,  copies  of  which 
are  here  for  distribution ;  that,  of  course,  involvea,  in  addition 
to  the  fee  for  reporting,  the  necessary  proportion  of  the  cost 
of  printing  the  Transactions.  But,  as  Mr.  Hewitt  has  very  pro- 
perly 8aid,  everything  of  the  kind  that  is  done  adds  to  the  value,, 
of  the  Institute  to  the  membership  generally,  and  I  have  it 
from  the  gentleman  who  read  the  last  paper  that  he  considered 
the  discussion  at  Chicago,  so  far  as  the  question  of  practical  ex- 

?)rience  was  concerned,  as  of  more  importance  than  the  New 
ork  discussion ;  that  is  to  say,  the  western  men  had  done  cer- 
tain work  in  the  line  of  the  paper,  and  gave  their  experience. 
Now,  if  that  discussion  is  of  any  value  to  anybody  here,  it  has 
been  brought  out  by  this  Chicago  meeting.  1  presume  that  if 
that  meeting  had  not  been  held,  these  facts  would  not  have  been 
brought  out  in  the  Transactions.  It  has  been  the  policy,  of  the 
management  to  make  the  Transactions  as  valuable  to  the  mem- 
bers as  possible,  so  that  each  one  would  feel  that  he  was  getting 
a  full  return  for  the  money  spent,  and,  personally,  I  have  never 
considered  the  Institute  a  concern  for  accumulating  a  fund,  and 
I  do  not  believe  that  technical  societies  should  be  so  considered, 
but  rather  that  they  should  expend  their  money,  as  the  rulea 
say,  in  "  the  reading  and  discussion  of  professional  papers,  and 
"  the  circulation,  by  means  of  publications  among  its  membera 
"  and  associates  of  the  information  thus  obtained." 

That  is  the  principal  reason  for  the  existence  of  such  an  insti- 
tution a«  this. 

There  is  just  one  other  point  I  wish  to  bring  up  in  connection 
with  the  work  of  the  secretary  and  the  work  of  these  local  meet- 
ings. Airy  one  who  has  anything  to  do  with  running  a  local 
organization,  such  as  has  been  suggested,  knows  that  the  collec- 
tion of  dues  is  one  of  the  most  annoying  things  in  connection 
with  it.     By  the  plan  we  are  pursuing,  or  which  is  being  dis- 
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cussed,  the  local  secretary  is  entirely  relieved  of  that  burden. 
The  members  simply  carry  on  the  meeting,  and  this  is  done  for  the 
benefit  of  the  national  body  as  well  as  themselves,  and  they  pay 
their  dues  in  one  lump.  This  removes  the  probability  of  any  ir- 
ritation on  the  part  of  members  in  the  vicinity  who  might 
say,  "Why  here  we  are  paying  $13  a  year  for  our  membership, 
"  and  in  the  vicinity  of  New  York  they  pay  but  $10  per  year,  and 
"  they  get  just  as  much  benefit  as  we  do."  That  is  the  way  I 
have  to  look  at  this  matter  from  the  standpoint  of  members  at 
various  points,  because  I  am  in  communication  with  them.  This 
matter  has  been  brought  up  by  the  Chicago  members,  who 
practically  ask  us  "Why  should  not  the  Institute  pay  for  steno- 
"  graphic  reports  of  our  discussion  of  the  papers,  as  well  as  the 
"  discussion  of  these  papers  elsewhere  ? " 

Mr.  Phelps  : — I  wish  to  say  a  word  more  to  back  up  my  re- 
solution. A  committee  was  appointed  last  autumn  to  consider 
this  matter  of  local  meetings  and  spent  quite  a  good  deal  of  time 
and  care  in  presenting  a  plan.  That  plan  was  thought  at  the 
time  by  some  people  proposing  local  meeting,  perhaps  bv  some 
in  Chicago,  to  have  been  somewhat  restrictive  of  tne  neld  of 
such  local  meetings,  because  it  required  that  such  local  meetings 
should  discnss  onlv  such  papers  as  were  accepted  by  the  Insti- 
tute to  be  read  at  its  meetings  here.  The  plan  has  been  accepted 
at  Chicago  in  perfect  good  faith.  The  same  papers  have  been 
read  there,  and,  if  possible,  simultaneously,  and  have  been  dis- 
cussed in  both  places.  In  other  words,  the  western  members 
have  been  doing  part  of  the  monthly  work  of  reading  and  dis- 
cussing papers.  They  have  done  it  in  Chicago  while  we  were 
doing  it  in  New  York.  It  seems  to  me  they  were  doing  pre- 
cisely the  same  work  that  we  are  doing,  and  simply  by  their  dis- 
tance they  are  debarred  from  doing  it  with  us  here.  If  they 
were  running  an  entirely  distinct  sort  of  meeting,  having  their 
own  papers  which  were  not  necessarily  a  part  oi  the  Transac- 
tions OT  the  Institute,  the  case  would  be  quite  different. 

Mr.  Hamblet  : — The  matter  of  the  accession  of  five  members 
seems  to  me  some  sort  of  compensation  to  the  Institute  for  the 
expense.  It  is  said  five  members  would  bring  in  $50,  but  for 
the  first  vear  it  is  $75.  The  cost  of  each  meeting  in  Chicago, 
merely  limiting  it  to  the  stenographic  report,  would  amount  for 
the  eight  meetings  to  about  $80.  By  allowing  that  expense  to 
the  Chicago  meeting,  are  we  not  binding  them  more  closely  to 
us,  and  also  getting  the  advantage  of  the  educational  value  of 
their  discussions  in  the  Transactions,  as  well  as  the  increase  of 
membership  ?  It  has  been  said  that  this  is  an  entering  wedge, 
and  rather  a  dangerous  plan  for  us  to  adopt,  to  expend  money  on 
these  meetings.  I  acknowledge  that  there  may  be  some  doubt 
about  the  policy  of  doing  so.  But  it  seems  to  me  at  present,  in 
the  aspect  of  the  work  hat  has  so  far  been  done  in  Chicago,  we 
are  warranted  in  allowing  them  some  small  expense. 
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Mb.  Stbinmetz  : — While  it  seems  to  me  quite  fair  that  some- 
thing should  be  done  to  help  the  Chicago  local  meetings,  at  the 
same  time  we  should  proceed  very  considerately  in  this  matter. 

It  is  a  happy  fact,  tnat  the  Chicago  meetings  begun  under  very 
favorable  circumstances^  and  their  expenses  are  very  low.  But 
with  the  same  right  that  Chicago  members  request  us  to  share 
the  expenses,  other  local  meetings  can,  and  wiU  do  the  same,  and 
should  be  treated  in  the  same  way,  and  other  local  branches  may 
have  a  good  deal  larger  expenses.  Therefore,  we  ouglit,  at  least, 
to  specify  what  we  intend  to  pay,  and  thus  I  make  the  amend- 
ment to  the  motion  that  the  Institutb  pay  the  cost  of  reporting, 
but  nothing  else;  but  not  only  of  the  Chicago  meeting,  but  any 
other  section  which  may  be  established.  I  think  that  would  re- 
strict the  possibility  of  having  too  large  expenditures  at  such 
meetings,  and  at  the  same  time  I  think  it  fair  to  pay  the  expenses 
for  that  in  which  we  are  mostly  interested — improving  the 
Transactions  by  improving  the  discussions. 

Mr.  Kennelly  : — I  second  the  amendment. 

Mr.  Hering  : — That  puts  no  limit  on  the  amount  which  can 
be  expended,  and  I,  for  my  part,  think  it  would  be  much  better 
to  limit  the  amount  to  $10,  as  Mr.  Phelps  suggested.  When  the 
meetings  become  more  and  more  important,  and  the  reporting 
more  expensive,  there  is  nothing  to  prevent  us  from  granting  a 

freater  amount.  To  promise  to  pay  for  the  expense  of  reporting 
think  would  be  imprudent,  because  that  is  too  indefinite  a 
quantity ;  it  would  be  much  better  to  fix  upon  a  certain  sum. 

Prof.  Anthony  : — It  seems  to  me  we  had  better  confine  our- 
selves here  to  this  specific  case  that  is  brought  before  us,  and 
when  some  other  meeting  wants  its  expenses  paid,  we  can  take 
that  up  as  a  separate  case.  I  do  not  see  the  need  of  crossing  that 
bridge  until  we  come  to  it.  I  do  feel  that  in  the  case  of  the 
Chicago  meetinp:  the  discussions  have  been  very  valuable.  They 
will  form  a  valuable  feature  of  our  Transactions.  The  Chicago 
meetings  have  been  of  advantage  to  the  Institute  at  large.  They 
are  not  simply  little  meetings,  of  advantage  only  to  those  attena- 
ing  them,  and,  therefore,  it  seems  to  me  perfectly  proper  that  we 
should  bear  that  expense.  The  discussions  are  of  just  as  much 
value  to  the  Institute  at  large  as  those  in  New  York.  For  this 
reason  I  am  heartily  in  favor  of  paying  for  the  reporting,  and 
whatever  expense  there  may  be  in  connection  witli  obtaining 
these  discussions  for  our  Transactions.  But  I  am  not  in  favor 
of  passing  any  resolution  that  will  bind  us  to  do  anything  in 
particular  in  tlie  future  in  reference  to  any  other  meeting  or  in 
reference  to  this  one.  We  pay  up  to  $10  now.  By-and-by  if  we 
find  that  the  reporting  is  going  to  cost  more,  we  can  change  that 
resolution  and  pay  more  if  we  think  it  desirable. 

The  President: — The  Chair  will  now  put  the  vote  on  the 
amendment  of  Mr.  Steinmetz  to  Mr.  Phelps'  motion. 

If  you  will  pardon  me,  the  Chair  would  like  to  make  a  few 
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remarks.  The  President  does  not  wish  to  be  misunderstood  in 
his  position,  as  he  fears,  from  some  remarks  made  in  the  discus- 
sion, that  he  may  be.  The  President  is  in  hearty  sympathy  with 
any  movement  which  will  increase  the  value  of  the  Institute 
and  the  value  of  its  Transactions  by  offering  free  discussion  to 
its  members  wherever  they  may  meet.  The  Chair  has  expressed 
an  opinion  that  it  is  the  part  of  wisdom  of  this  Institute  to  be 
careiul  lest  in  any  legislation  here  it  establishes  what  might  prove 
to  be  a  dangerous  precedent.  The  Chair  particularly  wishes  its 
position  to  oe  understood.  It  inclines  to  the  opinion  that  the 
broad  question  raised  in  the  Chicago  meeting  is  not  met  by  Mr. 
Phelps  motion.  As  the  Chair  understands  it,  the  particular 
question  raised  in  the  Chicago  meeting  is  this :  That  the  expenses 
incurred  in  connection  with  the  local  meetings  shall  be  paid  out 
of  the  general  fund,  and  the  Chair  has  expressed  its  opinion 
that  that  is  a  dangerous  precedent  unless  it  is  carefully  considered. 
I  rejoice  with  any  member  in  the  growth  of  our  Institute.  I 
am  not  quite  able  to  see  that  the  five  members  who  have  joined 
the  Institute  since  the  date  of  the  Chicago  meeting  would  not 
have  joined  had  that  meeting  not  taken  jJace.  That  has  by  no 
means  been  proved.  Your  President  certainly  does  not  look  on 
the  Institute  as  a  money  getting  organization.  Certainly  it  is 
not  desired  that  the  funds  of  the  Institute  shall  be  simply  accu- 
mulated for  the  sake  of  being  accumulated.  The  President  does 
not  think  the  society  is  in  any  immediate  danger  of  being  ruined 
by  too  large  sums  for  that  or  other  purposes.  But  while  I  have 
the  honor  of  occupying  your  Chair,  I  shall  never  hesitate,  even 
though  I  may  be  in  a  hopeless  minority  of  one,  in  expressing  to 
you  decidedly  what  my  views  are  on  any  subject  that  may  in- 
volve the  good  name  and  success  of  the  Institute.  Therefore, 
before  putting  this  question,  I  would  like  to  suggest  to  you  that 
this  is  not  meeting  the  issue  raised  in  the  Chicago  meeting. 

Mb.  Phelps  :— Mr.  Chairman,  if  you  will  pardon  me,  I  wish 
to  point  out  that  the  purpose  of  my  resolution  was  not  to  meet 
that  broad  question,  but  to  meet  a  much  more  specific  and  narrow 
one ;  to  satisfy  that  particular  demand  or  request,  but  not  to  go 
to  the  length  of  accepting  the  proposition  of  the  Chicago  meet- 
ing that  we  were  responsible  for  all  their  expenses.  Mr.  Stein- 
metz's  motion  would  create  a  much  broader  action  and  be  more 
in  the  direction  of  meeting  that  large  issue.  I  was  very  glad 
that  Professor  Anthony  expressed  himself  as  he  did  in  respect  to 
those  points. 

Tbe  President  : — The  Chair  has  nothing  to  add,  except  that 
it  simply  desires  to  express  the  opinion  that  as  this  question  has 
come  up  it  is  preferable  that  the  Institute  shall  meet  it.  I  will 
call  for  a  vote  on  Mr.  Steinmetz's  motion. 

[Mr.  Steinmetz's  amendment  was  lost.] 

The  Pbesident  : — The  vote  will  now  be  taken  on  Mr.  Phelps* 
resolution. 
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[Mr.  Phelps^  reeolution  was  carried.] 

The  Presidkkt: — What  other  bnriness  will  you  present? 

Mb.  Hammer  : — I  would  like  to  report  on  behalf  of  the  com- 
mittee for  examining  the  books  of  the  Treasurer,  that  they  have 
been  audited  and  found  correct.^ 

The  President: — Mr.  Secretary,  will  you  please  inquire  of  the 
tellers  what  probability  there  is  that  a  report  will  be  had  from 
them  shortly. 

The  Secretary  made  the  desired  inquiry  of  the  tellers  and  re- 
ported, as  follows : 

Mr.  President,  the  tellers  inform  me  that  they  will  probably 
not  be  able  to  make  a  report  for  an  hour  or  more,  and  they  wish 
me  to  bring  before  the  meeting  for  instructions  this  question: 
According  to  the  rule  which  they  refer  me  to,  that  is  Kule  V^ 
paragraph  4,  "  on  this  outer  envelope  the  member  shall  add  his 
signature  and  a  postage  stamp."  They  hand  me  these  envelopes, 
upon  which  the  name  is  either  typewritten  or  imprinted  with  a 
rubber  stamp ;  in  one  case  embossed.  It  answers  the  purpose  of 
showing  who  the  envelope  is  from,  but  it  is  not  a  signature. 

The  President  : — This  is  a  matter  for  you  to  decide,  gentle- 
men. 

Mr.  Hammer  : — I  move  that  they  be  accepted  upon  the  en- 
dorsement of  the  committee. 
S'he  motion  was  carried.] 
R.  Phelps: — Would  it  be  in  order  to  call  up  now  the  report 
of  the  Committee  on  Revising  the  Election  Rules?  If  any- 
thing is  to  be  done,  I  think  this  would  be  a  suitable  opportunity. 
I  move  that  it  be  taken  up. 

[The  motion  was  carried.] 

The  President  : — 1  will  ask  the  Secretary  to  read  this  report. 

The  Secretary  read  the  following  report : 

REPORT  OF  COMMITTEE  ON  REVISION  OF  RULES. 

At  a  meeting  of  the  Committee,  duly  held,  it  was  Unanimously  resolved  to 
lulvise  that  the  rules  relating  to  elections  be  immediately  changed  as  set  forth 
below. 

In  pursuance  of  this  resolution  and  of  the  provision  in  Section  VIII.,  con- 
trolling the  manner  in  which  amendments  may  be  made,  the  prescribed  written 
notice  is  hereby  given  by  the  Chairman  on  behalf  of  the  Committee. 

At  the  next  or  at  some  subsequent  regular  meeting  of  the  Institute  the  fol- 
lowing separate  amendments  of  the  rules  will  be  brought  up: 

Resolved,  that  Section  V.  be  amended  as  follows : 

1st  change — After  "a"  in  line  18,  add  the  words  *' second  list  headed." 

2d  change — Line  18,  after  "choice"  add  "opposite  the  name  of  each 
nominee  in  each  list  shall  be  printed  a  number  indicating  the  number  of 
nominations  received  by  him,  and  a  suitable  ex[)lanation  of  these  numerals  shall 
be  placed  on  the  sheet." 

3d  change — Lines  38  to  36,  shall  be  changed  to  read  *  *  sealed  unmarked  and 
unidentified  *  Inner  envelope'  of  any  suitable  character,  to  be  in  its  turn 
enclosed  either  in  the  'Voting  envelope'  (received  from  the  Secretary)  or  in  any 
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other  envelope  marked  on  its  face  *  Non-official  Voting  Envelope-Enclosing  a 
ballot  only.'  The  outer  envelope  of  either  class  must  be  identified  by  the 
signature  of  the  memlwr  on  its  face,  and  must  be  sealed  and  mailed  to  the^ 
Secretary. 

Respectfully  submitted, 

t  F.  Benedict  Herzoo,  Chairman. 
Jan.  17,  1894.  Signed,  \  T.  C.  Martin. 

(  F.  R.  Upton,  Assenting. 
[For  existing  Rule,  see  Member's  pocket  year-book,  edition  1893,  p.  52, 
also  Transactions  Vol.  ix.  p.  460.] 

Mr.  Phelps  : — I  wish  to  oflFer  a  slight  addition,  or  an  amend- 
ment, so  to  speak,  not  changing  anjtliing  in  this  rule  as  it  would 
read  amended  by  the  committee,  but  as  an  amendment  to  the  re- 
port of  the  committee,  if  you  please ;  an  addition  at  the  end  of 
the  second  paragraph,  the  "last  sentence  of  which  is :  "  This  sheet, 
"  together  with  an  envelope,  on  which  shall  be  printed  the  ad- 
*'  dress  of  the  Secretary,  and  tlie  words  *  Voting  envelope — en- 
*'  closing  a  ballot  only,'  shall,  not  later  than  the  15th  of  April, 
"  be  mailed  by  the  Secretary  to  every  member  in  good  standing." 

I  would  add  there  "Provided  that  members  elected  after  April 
"  15th,  and  who  shall  have  paid  their  dues  shall  be  supplied  with 
*•  ballots  on  request  at  any  time  before  the  election."  1  oflFer  that 
for  this  reason.  It  appears  that  a  considerable  number  of  mem- 
bers now  in  good  standing,  elected  at  the  Council  meeting  imme- 
diately following  April  15th,  who  have  paid  their  dues,  find, 
under  a  recent  interpretation  of  the  rule,  that  they  are  debarred 
from  voting,  although  they  are  members  in  good  standing  and 
have  been  so  for  some  weeks.  This  would  meet  a  case  of  that 
kind.  I  hardly  think  that  this  was  intended  to  exclude  members 
from  voting,  but  was  intended  for  convenience — that  the  Secre- 
tary should  on  that  date  mail  these  tentative  ballots  to  all  the 
members  then  in  good  standing,  but  this  would  exclude  any 
doubt  on  that  subject. 

[The  motion  was  seconded.] 

The  Secretary  : — I  would  suggest  to  the  gentleman  propos- 
ing the  amendment,  that  the  Secretary  should  send  these  ballots 
to  aU  members  who  pay  their  dues  who  are  elected  subsequent  to 
April  15th,  instead  of  sending  them  upon  request.  That  is  to 
say,  I  think  the  members  who  were  elected  should  be  entitled 
to  these  ballots  whether  they  request  them  or  not.  Not  being 
familiar  with  the  modus  (ypera/ad%^  they  may  not  ask  for  them. 

The  President  : — Does  Mr.  Phelps  accept  that  change  ? 

Mr.  Phelps  : — Yes,  sir.  If  you  will  permit  me,  I  will  word 
that  a  little  differently  to  meet  the  Secretary's  suggestion. 

The  Secretary  : — There  is  nothing  in  the  language  of  this 
rule  fixing  a  limit  to  the  time  of  receiving  ballots.  1  had  ballots 
handed  to  me  this  morning  by  the  tellers  who  asked  whether  they 
should  be  counted.  So  far  as  I  know,  there  is  no  limit,  provided 
they  are  handed  in  before  the  tellers  finish  their  wonc.     If  a 
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person  should  hand  his  vote  to  the  tellers  now,  while  the  count  is- 
proceeding ;  as  the  rule  is  construed,  there  would  be  no  reason 
why  they  should  not  count  it. 

The  President: — Pending  the  preparation  of  Mr.  Phelps'^ 
resolution,  in  pursuance  of  the  suggestion  of  the  Secretary,  tne 
Chair  wishes  to  be  advised  by  the  Institute  what  action  shall  be 
taken  on  those  ballots.  ,  Unless  the  Institute  determines  to  th& 
contrary,  the  Chair  will  request  the  tellers  to  accept  them  as  bona 
fide  votes.     Will  you  take  some  action  on  that  matter  ? 

It  was  voted  that  the  ballots  be  accepted,  and  the  tellers  were 
instructed  accordingly. 

The  following  amendment  to  be  added  to  the  second  paragraph 
of  the  report  or  the  Committee  on  Revision  of  the  Eules,  mtro- 
troduced  by  Mr.  Phelps,  was  adopted  : 

'*  Provided  that  the  Secretary  shall  also  mail  such  ballots, 
"  sheets  and  envelopes  to  members  qualified  after  April  15th 
"  before  the  annual  meeting,  and  that  any  member  not  having 
"  ballots  and  envelopes  shall  be  entitled  to  obtain  them  from  the 
"  Secretary  at  any  time  before  the  calling  to  order  of  the  annual 
"  meeting." 

On  motion  of  Mr.  Carl  Hering,  it  was  also  voted  to  amend 
the  committee's  report  by  making  the  following  change  at  the- 
end  of  the  fourth  paragraph.  Ihe  proposed  rule  wnich  now 
reads  "  and  must  be  sealed  and  mailed  to  the  Secretary,"  shall 
be  changed  to  read  "be  sealed,  and  must  reach  the  Secretary 
prior  to  the  hour  of  the  actual  opening  of  the  annual  meeting." 

The  annual  meeting  then  adjourned,  pending  the  preparation 
of  the  tellers'  report. 

The  annual  meeting  reassembled,  and  was  called  to  order  by 
President  Houston  at  2.30  p.m. 

The  President: — Mr,  Secretary,  is  the  tellers'  report  ready? 

Mb.  Upton  : — We  have  not  made  a  full  report.  The  canvass 
of  the  votes  showed  that  the  entire  Council  ticket  was  re-elected^ 
We  will  make  a  full  report  to  the  Secretary,  giving  the  items 
showing  the  number  of  votes  cast  for  the  various  persons.  The 
majority  is  quite  large  and  full  for  the  entire  Council  ticket. 

Philadelphia,  May  15,  1894. 
We  find  the  result  of  the  balloting  as  follows : 

For  President,  Edwin  J.  Houston 236 

'*  "         T.  D.  LocKwooD 48 

The  balance  of  the  Council  nominees  were  also  elected,  each  having  a  majority 
of  the  365  votes  cast. 

Geo.  R.  Metcalfe,  i 
Francis  R.  Upton,  f  Tellers. 

The  vote  in  detail  is  as  follows : 
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FOR  PHESIDENT. 


E.  J.  Houston .   . . 
T.   D.   Lockwood 

E.  L.  Nichols 

Nikola  Tesla    .   . . 

F.  B.  Crocker. 


48 

16 

12 

11 

A.  B.  Kennelly 11 

Elihu  Thomson 8 

Elisha  Gray « 


Chas.  R  Cross 5 

Louis  Duncan J) 

Louis  Bell 2 

Wm.  Stanley 2 

T.  A.  Edison  2 

C.  F.  Brush 1 

M.  I.  Pupin 1 


FOR  VICE-PRESIDENTS. 


W.  A.  Anthony 298 

F.  B.  Crocker 272 

Jas.  Hamblet 240 

D.  C  Jackson 28 

Louis  Bell 15 

H.  J.  Rvan 15 

CO.  Mailloux 14 

C.  P.  Steinmetz 13 

A.  KRohrer 11 

Wm.  Stanley 1« 

R.  H.  Pierce » 

Elisha  Gray 8 

Carl  Bering 8 

Elihu  Thomson 8 

T.  A.  Edison 7 

G.  A.  Hamilton 7 

P.  Benjamin. ...         6 

liouis  Duncan  ... 6 

W.  F.  C.  Hasson 6 

E.  L.NicholB 6 

W.  L.Robb 6 

W.  E.  Geyer 5 

E.  W.  Rice,  Jr 5 

Jos.   Wetzler 5 

Townsend  Wolcott 5 

B.  J.  Arnold 4 

C.  F.  Brosh 4 

J.  J    Carty 4 

E.  J.   Houston 4 

M.  1.  Pupin 4 

A.  Schmid 4 

Edward  Caldwell 3 


C.  L.  Clarke 3 

C.  E.  Emery 8 

E.  E.  Higgins 3 

H.  W.  Leonard 3 

T.  D.  Lockwood 3 

T.  C.  Martin 3 

R.  W.  Pope. 3 

L.  B   Stillwell 3 

Brown  Ayres. 2 

F.  L.  Pope 2 

G.  D.  Shepardson 2 

L.  L.  Summers 2 

Chas.  Wirt 2 

A.  J.   Wurts 2 

A.  G.  Compton 

A.  G.  Bell 

J.  S.  Brown 

C.  F.  Chandler 

S.  D.  Field 

C.  J.Field 

H.  A.  Foster 

S.  D.  Greene 

H.  V.  Hayes 

J.  W.  Howell 

W.  Maver,  Jr 

G.  C.  Maynard  

F.  A.  PickerncU 

C.F.  Scott 

O.  B.  Shallenberger 

G.  11.  Stockbridge 

E.  P.  Thompson. 


FOR  MANAGERS, 


A.  E.  Kennelly 323 

W.  D.   Weaver 279 

C.S.Bradley 264 

W.  B.  Vansize 250 

N.  W.  Perry 18 

H.  J.  Ryan 15 

G.  A    Hamiltonf 14 

W.F.C.  Hasson 14 

Brown  Ayres 13 

Nikola  Tesla 11 

C.  O.  Mailloux 10 

H.  F.  Parshall 10 

Alfred  S.  Brown 8 

Samuel  Sheldon 8 

C.  P.  Steinmetz 8 

C.  C.  Haskins 7 


Carl  Hering 7 

Jas.  I.  Ayer        6 

R.  0.  Heinrich 6 

Jos.  Wetzler 6 

A.  C.  Crehore 5 

I.  II.  Famham 5 

R.  H.  Pierce 5 

W.  A.  Anthony 4 

R.  N.  Baylis  .*. 4 

Fre<rkBedell 4 

Morgan  Brooks 4 

Ijouis  Duncan 4 

W.  J.  Hammer 4 

E.   E.   Ui^gins 4 

J.  R.  Lovejoy 4 

T.  C.  Martin 4 
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FOR  MANAGERS.— Continued. 


Thorburn  Reid 4 

F.  A.  Schcffler 4 

F.J.  Spraffue 4 

Wm.  Stanley 4 

J.  J.Carty 3 

F.  B.  Crocker 3 

R.  Eickemeyer 8 

H.  A.  Foster 3 

C.  E.  Emery 8 

C.  D.  Haskins 3 

F.  B.  Herzoff 8 

C.  T.  Hutchinson 3 

F.  W.Jones 8 

B.  Merritt 3 

E.  L.Nichols 3 

F.  A.  Pickemell 3 

E.  W.  Rice,  Jr 3 

C.  D.Shain 3 

O.  B.  Shallenberger 3 

C.Thomson 8 

B.J.Amold 2 

Brown  Ayres 2 

J.  B.  Cahoon 2 

C.  R.Cross 2 

C.  Cuttriss 2 

T.  A.  Edison 2 

C.J.Field 2 

Elisha  Gray 2 

T.  D.  Lockwood 2 


R.  B.  Owens 2 

F.  A.  C.  Perrine 2 

B.  F.  Thomas 2 

E.  P.  Thompson 2 

S.  S.  Wheeler 2 

J.   G.    White 2 

F.  B.  Badt 

0.  H.  Davis 

A.  de  Khotinsky 

S.  D.  Greene 

H.  V.  Hayes 

F.  V.  Henshaw 

A.   S.  Hibbard 

W.  Hochhausen 

E.  J.  Houston 

J.  W.  Howell 

D.C.Jackson 

F.  P.  Little 

L.  B.  Marks 

W.  Mayer,  Jr 

G.  M.  Phelps 

E.  P.Roberts 

A.  L.  Rohrer 

L.  B.  Stillwell 

G.  H.  Stockbridge 

F.  R.  Upton .• . 

E.  G.  Willyoung 

A.  J.  Wurts 


FOR  TREASURER. 


Geo.  M.  Phelps. 


.302     I      Geo.  A.  Hamilton 47 


The  Prbsidknt  :— The  business  of  the  adjourned  meeting 
being  now  completed  we  will  proceed  to  the  regular  business  of 
the  general  meeting — the  reading  of  papers. 

Gentlemen,  I  notice  the  President's  name  is  down  on  the  pro- 
gramme for  the  first  paper.  Before  beginning  I  desire  to  assure 
you  that  I  appreciate  the  very  high  honor  you  have  conferred 
upon  me  in  again  electing  me  to  the  Presidency  of  the  Instittjte. 
I  beg  to  assure  you  that  it  will  be  my  earnest  endeavor  faithfully 
to  discharge  the  duties  thus  imposed  upon  me.  I  will  give  you, 
in  the  way  of  a  brief  inaugural  address,  the  Progress  of  our  In- 
STTTUTE  During  its  First  Decade. 

[The  President  then  read  his  address,  as  follows:] 


A  REVIEW  OF  THE  PROGRESS  OF  THE  AMERICAN 
INSTITUTE  OF  ELECTRICAL  ENGINEERS. 


Inaugural  Address. 


BY   EDWIN   J.    HOUSTON,    PH.D.,    PRESIDENT. 


The  American  Institute  of  Electrical  Engineers  is  in  no 
sense  a  local  organization.  It  has  in  view  the  interests  of  no 
particular  section  of  country,  but,  on  the  contrary,  is  a  national 
body.  It  represents  the  electrical  profession  in  all  parts  of  our 
great  land,  and  welcomes  into  its  membership  bright  and  pro- 
gressive men  in  the  electrical  profession  wherever  they  may  be 
located. 

But  while  the  Institute  is  in  no  sense  a  local  body,  so  that  no 
city  can  properly  claim  as  a  right  the  high  privilege  of  having 
the  annual  meeting  held  in  it,  yet  there  is,  perhaps,  at  this  time,- 
a  special  fitness  that  the  annual  meeting,  which  witnesses  the  clos- 
ing of  the  first  decade  of  our  association,  should  be  held  in  the 
City  of  Brotlierly  Love,  where  the  Institute  had  its  birth. 

The  International  Electrical  Exhibition,  held  in  1884,  in  Phila- 
delphia, under  the  auspices  of  the  Franklin  Institute  of  the  State 
of  Pennsylvania,  was  called  together  at  an  exceedingly  favorable 
moment.  Eight  years  had  elapsed  since  the  Centennial  Exhibi- 
tion of  1876,  in  Philadelphia,  had  sown  broadcast  the  germs  of 
public  interest  in  electricity,  and  thus  laid  the  foundation  for  a 
belief  in  the  bright  promises  of  the  electric  future.  These 
germs,  carried  to  all  parts  of  the  land,  were  beginning  to  bear 
fruit,  and  a  body  of  earnest  and  intelligent  workers  had  sprung 
up  on  all  sides,  so  that  our  comparatively  limited  knowledge  of 
electrical  science  was  markedly  increased,  although  in  an  ex- 
tremely irregular  and  unsystematic  manner, 
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Between  1876  and  1884,  nearly  a  decade,  the  work  done  in  the 
electrical  field  was  necessarily  of  a  pioneer  and  independent 
character.  The  great  principles  of  the  science,  already  diflcov- 
ered  and  annonnoed,  were  bnt  vaguely  understood,  and  needed 
the  practical  man  to  carry  them  into  actual  commercial  use.  To 
a  great  extent,  each  investigator  trod  the  path  of  discovery  alone, 
gropingly  penetrating  into  the  regions  of  the  unknown,  unac- 
companied by  his  fellow  investigator,  and  often,  indeed,  uncon- 
scious of  his  existence.  Had  this  early  work  been  properly 
organized,  much  of  the  labor  expended  in  going  over  ground 
already  trodden  might  have  been  saved,  but  it  is  by  no  means 
clear  that  this  labor  was  in  vain  for  the  weal  of  the  electric 
future;  for,  truths  thus  repeatedly  wrested  from  nature  and 
established  again  and  again  by  independent  investigators,  cannot 
be  too  highly  prized. 

In  our  nineteenth  century  activity,  events  move  rapidly.  In 
less  than  a  decade  from  the  time  of  the  Centennial  Exhibition  of 
1876,  namely,  in  1884,  the  time  had  come  when  the  advantages 
of  congregation  as  opposed  to  segregation  were  to  be  demon- 
strated ;  when  the  lonely  investigator  was  to  be  brought  into  con- 
tact with  his  brother  toiler  and  taught  the  advantages  of  organized 
work  and  a  free  exchange  of  ideas. 

Happily,  the  International  Electrical  Exhibition  in  Philadel- 
phia of  1884,  already  alluded  to,  brought  together  the  workers  in 
electricity  both  in  this  country,  and,  to  a  certain  extent,  in  other 
parts  of  the  world,  not  only  during  the  Exhibition  itself,  but 
especially  during  the  completion  of  the  buildings  and  the  arrange- 
ment of  the  exhibits.  The  varied  exhibits  thus  brought  together 
from  all  sides  were  a  revelation  to  these  hitherto  independent 
workers,  and  showed  them,  from  what  had  already  been  accom- 
plished by  electrical  science,  what  might  reasonably  be  expected 
in  the  near  future.  The  stimulus,  so  excited,  culminated  in  the 
organization  of  the  distinguished  body  I  have  now  the  honor  of 
addressing. 

At  the  same  time,  the  U.  S.  Government  appointed  a  United 
States  Electrical  Commission  authorizing  it  to  conduct  a  National 
Conference  of  Electricians  in  Philadelphia  during  the  progress 
of  the  International  Electrical  Exhibition.  Fortunately  for  the 
cause  of  electrical  science,  the  Commission  after  due  deliberation 
determined  to  appoint  as  members  of  this  Conference  not  only 
those  investigators  in  the  physical  laboratory  and  lecture  room, 
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the  college  and  university  professors,  whose  labors  have  always 
proved  of  such  great  value  to  the  world's  weal,  but  also  those 
equally  important  investigators,  the  inventor  and  actual  worker 
in  the  commercial  electrical  field,  whose  knowledge  of  principles 
is  based  on  actual  experience ;  a  class  that  proves  the  correctness 
of  its  ideas  by  subjecting  them.to  the  test  of  actual  trial  on  a 
commercial  scale. 

There  was  thus  convened  in  1884,  in  the  city  of  Philadelphia, 
a  notable  gathering  of  men  who  had  long  toiled  in  the  electric 
field,  both  in  the  so-called  pure  sciences  and  in  the  applied 
sciences,  and  I  feel  sure  that  each  class  recognized  the  fact  that 
it  learned  much  from  the  other. 

In  this  notable  assembly  of  electrical  students,  our  American 
Instittte  of  Electrical  Engineers  originated.  I  may  be 
pardoned  if  I  briefly  review  the  facts  attending  its  inauguration. 

The  first  step  was  the  circulation  in  April,  1884,  by  Mr.  N.  S. 
Keith,  of  a  paper  asking  for  signatures  for  the  purpose  of 
organizing  a  National  Electrical  Society,  for  affiliation  with 
sister  societies ;  for  the  possession  of  a  library,  the  institution 
of  original  research ;  protection  from  unfavorable  legislation ; 
the  settlement  of  disputed  electrical  questions,  and  the  exchange 
of  volumes  of  its  Transactions  with  foreign  and  other  electrical 
scientific  societies.  A  preliminary  meeting  was  called  on  April 
15th,  1884  in  the  city  of  New  York,  at  which  a  series  of  resolu- 
tions were  passed,  and  a  Committee  of  Organization  appointed  to 
call  a  meeting,  which  was  subsequently  held  on  May  13tli,  1884, 
when  rules  of  order  were  adopted  and  oflicers  elected.  The  first 
regular  meeting  of  the  Institute  was  held  in  Philadelphia, 
October  7th  and  8th,  1884,  in  one  of  the  Exhibition  Buildings  in 
West  Philadelphia. 

From  this  small  beginning  our  Institute  has  assumed  its  pres- 
ent proportions.  Its  growth  was,  at  first,  uncertain,  but  its 
vitality  was  undoubted,  and  its  present  rate  of  increase  is  fully 
equal  to  that  of  our  English  cousin,  viz.,  the  Institution  of  Elec- 
trical Engineers.  I  append  a  curve  showing  the  membership  of 
both  bodies  at  different  dates,  and  although  the  British  Int^titu- 
tion  had  the  start,  and  has  the  advantage  of  us  in  membership, 
yet  I  look  forward  in  the  near  future  to  a  membership  in  our 
lx)dy  that  will  be  fully  on  a  par  with  theirs. 

I  think  it  would  be  difficult  properly  to  estimate  the  good  that 
has  accrued  to  electric  science,  not  only  in  this  country  but  also 
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in  the  world  at  large,  from  a  properly  organized  association  of 
specialists  in  a  practical  branch  of  science  like  that  of  electricity. 
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,  British  Institution  of  Electrical  Engineers,  and 
American  Institute  of  Electrical  Engineers. 

If  we  can  properly  trace,  from  the  circumstances  attending  a 
single   electrical   exhibition   and  series   of  conferences   held   in 
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Philadelphia  in  1884,  a  great  awakening  in  the  field  of  electric- 
ity, what  must  have  been  the  influence  for  good,  exerted  by  a 
body  like  oars,  which  I  think  I  am  correct  in  -saying  inclades  all 
the  distinguished  practical  electricians  in  this  country. 

In  order  to  inquire  what  has  been  the  nature  of  this  influence, 
let  us  briefly  examine  the  history  of  the  American  Institute 
ofElsotbical  Engineebs  during  the  ten  years  that  have  elapsed 
since  its  foundation,  and  see  whether,  in  the  first  decade  of  its 
existence,  it  has  duly  availed  itself  of  its  great  opportunities. 
Let  us  inquire  what  great  inventions  and  investigations  have 
been  made  by  its  members.  I  think  that  as  a  result  of  these 
inquiries,  you  will  agree  with  me  that  our  Institute  has  nobly 
fulfilled  the  expectations  reposed  in  it,  and  that  electricity  is 
much  further  advanced  than  it  would  have  been  had  the 
American  Institute  of  Electricax  Engineers  never  been 
organized. 

A  glance  at  the  Transactions  of  the  Institute  will  show  the 
extended  and  valuable  character  of  the  work  of  its  members. 
This  work  embraces  notable  inventions,  extended  commercial 
applications,  and  valuable  researches ;  as,  for  example,  researches 
in  high  frequency  discharges;  the  development  of  alternating 
current  apparatus  for  electric  welding,  and  for  the  transmission  of 
power ;  improvements  in  continuous  current  apparatus ;  improve- 
ments in  the  practical  applications  and  control  of  electric  motors 
for  traction,  mining,  manufacturing  and  other  purposes;  im- 
provements in  telephony  and  telegraphy;  improvements  in 
the  application  of  electricity  to  various  chemical  processes; 
improvements  in  designs  for  electric  machinery ;  improvements 
in  electric  lighting  apparatus  of  various  descriptions,  and  develop- 
ments in  electro-therapy. 

The  work  of  the  Institute  as  a  body  has  also  been  of  a  broad 
and  valuable  character.  I  have  already  pointed  out  to  you,  in 
my  inaugural  address  of  last  year,  the  valuable  contribution  the 
Instttute  made  to  the  Chicago  Congress  and  Exhibition  of  1893. 
Since  that  time,  as  you  are  aware,  organized  work,  under  the 
auspices  of  the  Institute,  has  been  and  is  being  carried  out  in 
different  parts  of  the  country,  as  well  as  in  England,  for  the 
completion  of  some  of  the  work  the  Chicago  Congress  was 
obliged  to  leave  incompleted ;  viz.,  the  determination  of  suitable 
standards  of  light  and  of  illumination. 

Another  action  of  which  I  think  the  Institute  may  be  proud. 
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has  been  its  provisional  adoption  of  the  well  known  names  of 
gilbert,  oersted,  gauss  and  weber,  for  the  most  important  quan- 
tities in  the  magnetic  circuit,  thus  filling  a  well  defined  void  in 
the  practical  development  of  the  dynamo,  motor,  and  magnets 
generally.  These  names  have  already  been  favorably  commented 
on  in  Europe,  where  they  have  been  embodied  in  at  least  one 
standard  text-book. 

Up  to  this  date  there  has  been  much  uncertainity  as  to  the 
meaning  which  should  properly  be  attached  to  the  very  import- 
ant term  "  inductance."  It  was  hoped  that  the  Chicago  Con- 
gress would  decide  this  question,  but,  as  this  hope  was  not 
realized,  the  Institute,  by  appealing  to  the  prominent  affiliated 
institutions  in  Europe,  has  been  enabled  to  ascertain  the  consen- 
sus of  opinion  upon  this  matter  among  electrical  engineers  all 
over  the  world,  and  has  to-day  adopted  the  meaning  of  "  induc- 
tance "  as  a  "  Coefficient  of  Induction,"  this  being  the  world's 
majority  verdict,  so  far  as  has  been  possible  to  obtain  it  without 
the  aid  of  an  International  Congress.  It  has  also  adopted  the 
word  "  reactance "  for  that  quantity  in  alternating  current  cir- 
cuits, whose  square  added  to  the  square  of  the  resistance  is  the 
square  of  the  impedance. 

It  would  be  ungenerous  in  me  in  thus  reviewing  the  causes 
which  have  led  to  the  development  of  electrical  science  in  this 
country,  to  fail  to  mention  another  potent  factor.  I  refer  to  the 
electrical  press.  I  recognize  its  power  and  tlie  good  it  has  ac- 
complished in  spreading  broadcast  over  the  country,  not  only  to 
the  members  of  the  Institute,  but  to  all  interested  in  electrical 
progress,  the  knowledge  of  every  great  advance  made  in  electric 
science.  In  a  certain  sense,  however,  the  electrical  press  sup- 
plements the  influence  of  the  Institute,  because  the  press,  un- 
like the  Institute,  cannot  bring  electrical  workers  together,  but 
can  only  guide  and  disseminate  the  conclusions  they  have 
reached. 

The  growth  of  the  electrical  press  has  kept  pace  with  the 
growth  of  electrical  science.  In  1876  the  power  of  the  press 
was  comparatively  feeble.  The  Exhibition  of  1884  caused,  per- 
haps, as  great  an  increase  in  the  power  and  influence  of  the  press, 
as  it  did  in  the  devolopment  of  the  science  of  electricity  itself, 
and,  great  as  has  been  the  marked  improvement  in  electrical 
science,  as  demonstrated  by  the  Chicago  Exhibition  of  1893,  I 
think  close  observers  will  agree  witli  me  that  such  progress  has 
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been  fully  equalled  by  the  wonderful  improvement  in  the  elec- 
trical press  of  our  country. 

There  is  another  association  of  electrical  engineers  of  the 
same  high  standing,  and  governed  practically  by  the  same  prin- 
ciples as  those  of  the  American  Institute  oj:  Electrical  En- 
gineers, and  this  is  our  affiliated  association,  the  Institution  of 
Electrical  Engineers,  with  its  headquarters  in  London,  England. 
Like  our  association  its  membership  contains  the  leading  electri- 
cal engineers  and  experts  both  in  the  country  in  which  it  is 
located,  and  in  the  surrounding  countries. 

France  has  established  a  somewhat  similar  body  in  her  Soci6t^ 
Internationale  des  filectriciens,  located  in  Paris.  This  society 
has  the  same  general  characteristics  as  the  American  and  English 
societies,  and,  like  them,  publishes  regular  transactions  of  its 
proceedings.  In  Germany,  there  is  the  Elektrotechnischer 
Verein  and  the  Physikalisch-Technische  Reichsanstalt. 

Although  there*  are  electrical  societies  in  other  parts  of  the 
world,  notably  in  Italy,  and  Belgium  and  Australia,  yet  in  none 
of  these  countries  is  to  be  found  that  organized  effort  and  con- 
centration in  one  cenlatil  body  of  the  electricians  from  all  parts 
of  the  country,  as  is  so  markedly  seen  in  the  United  States, 
England,  France  and  Germany. 

It  is,  I  tliink,  a  significant  fact,  that  the  countries  in  which 
there  has  been  so  marked  a  progress  in  electrical  invention  and 
engineering,  are  those  which  possess  the  advantages  of  this  com- 
bined effort  on  the  part  of  all  its  electricians.  The  reason  is,  I 
think,  evident;  under  these  circumstances,  there  exists  the 
enthusiasm  which  comes  from  properly  organized  effort; 
the  rapid  progress  which  is  encouraged  by  friendly  rivalry  and 
the  incentive  to  increased  and  continued  effort,  bred  of  healthy 
competition.  I  think  I  can  safely  assert  that  America,  England, 
France  and  Germany  owe  much  of  their  marked  advance  in 
electrical  science  to  the  existence  of  their  organized  bodies  of 
electricians,  such  as  is  found  in  the  American  Institute  of 
Electrical  Engineers,  the  Institution  of  Electrical  Engineers,  • 
the  Society  Internationale  des  filectriciens,  and  the  Elektro- 
technischer Verein,  and  I  feel  sure  from  the  great  number 
of  able  electricians  of  Italy,  Switzerland,  Belgium,  Russia,  India 
and  other  parts  of  the  world,  that  the  progress  made  in  tliese 
countries,  a  progress  which  is  confessedly  great,  would  be  still 
greater  if  they  but  tried  the  advantages  of  electrical  work  con- 
ducted on  the  co-operative  plan. 
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It  may  be  advantageous  here  to  review  some  of  the  advantages 
of  membership  in  snch  learned  associations,  as,  for  example,  the 
Instfiute  in  which  we  are  the  most  interested.  Among  the 
many  advantages  are  the  following :  concentration  of  effort ;  in- 
creased mentality  excited  by  generous  rivalry ;  systematic  explora- 
tions into  the  domains  of  the  unknown ;  a  tacit  agreement  as  to 
what  shall  be  regarded  as  the  standard  of  good  work ;  the  practi- 
cal establishment  of  a  high  court  of  last  resort  by  whom  all  dis- 
puted technical  questions  in  electrical  engineering  shall  be 
finally  settled ;  the  removal  of  electric  work  from  the  region  of 
guesswork  to  that  of  certainty,  permitting  results  to  be  as  surely 
predicted  as  in  other  sciences,  and,  consequently,  an  increased 
stimulus  to  the  successful  investment  of  capital  in  electrical  en- 
terprises ;  the  reduction  of  misdirected  eflEort  by  the  promulga- 
tion of  information  concerning  what  has  been  attempted  or 
achieved  in  any  direction ;  and  last,  but  not  least,  the  means  of 
establishing  a  rapid  intercommunication  of  ideas  between  differ- 
ent parts  of  the  country  to  others. 

As  to  the  privileges  of  membership  in  our  association,  a  mem- 
ber in  any  part  of  tlie  country,  whether  in  Maine,  Florida,  Illi- 
nois, or  elsewhere,  can,  after  submitting  a  paper  to  a  committee 
appointed  by  the  Institute  for  that  purpose,  have  it  read  simul- 
taneously at  the  New  York  and  Chicago  meetings,  and  thus  not 
only  derive  the  advantages  which  come  from  the  broad  dissemi- 
nation of  his  ideas  over  the  country,  but  -can  also  have  those  de- 
rived from  criticism  by  those  best  adapted  to  judge  and  discuss 
them.  Instead  of  being  obliged  to  wait  and  wonder  if  his  re- 
sults are  valuable  or  correct,  or  instead  of  being  forced  to  en- 
deavor to  solve  such  questions  for  himself,  he  is  now,  by  means 
of  the  powerful  machinery  of  our  association,  enabled  to  hear 
in  a  very  short  time  the  opinion  of  those  best  suited  to  sit  in 
judgment  on  his  work. 

We  are  naturally  and  properly  proud  of  the  progress  shown 
by  our  Institute  in  the  first  decade  of  its  existence.  I  ask  you 
now  in  all  seriousness,  how  has  this  progress  been  assured? 
Clearly  by  the  establishment  of  a  central,  organized  body,  as 
distinguished  from  separate,  independent,  and  possibly  antago- 
nistic bodies;  by  the  establishment  of  a  central  body  which 
derives  its  authority  from  a  membership  extending  over  the 
entire  country.  Is  it  credible  that  independent,  disconnected, 
and  possibly  antagonistic  societies,  located  in  as  many  separate 


1894.]  PR0GRB88  Of  THE  INBTlTUTB,  ^88 

cities  as  there  are  groups  of  members  sufficient  to  form  separate 
societies,  can  hope  to  accomplish  as  much  good  in  so  short  a  time 
as  has  been  accomplished  ?  Would  not  the  disintegration  of  our 
Institute  prove  to  the  electrical  engineers  of  this  country  little 
short  of  a  calamity  'i  Might  not  the  establishment  of  separate 
organizations  result  in  mutual  jealousies  and  intense  sectional 
feeling,  and,  consequently,  in  a  tendency  to  the  continuance 
of  errors  once  contracted  ?  Partisanship  and  intelligent  scien- 
tific work,  in  the  nature  of  things,  have  nothing  in  common. 
The  true  scientific  instinct  is  shown  in  the  desire  to  know  the 
truth  for  the  truth's  sake,  and  the  true  electrical  engineering  in- 
stinct is  to  accomplish  the  best  work  in  the  most  economical 
manner  possible.  I  feel  sure  you  will  agree  with  me  that  to 
ensure  the  greatest  success,  there  must  of  necessity  be  a  central 
governing  body,  viz.,  the  Council  of  the  Institute,  deriving  its 
authority  from  a  membership  extending  all  over  the  country,  and 
vested  with  the  power  of  speaking  authoritatively  for  the 
Institute  between  the  periods  of  its  recognized  official  meetings. . 

In  a  country  like  ours,  in  which  distances  are  so  great,  a  diffi- 
culty exists  in  all  our  members  attending  the  meetings  of  a  cen- 
tral body,  no  matter  where  such  meetings  might  be  called.  This 
difficulty  is  real,  and  like  all  geographical  difficulties,  cannot 
readily  be  solved.  I  think  our  association  has,  however,  to  a 
great  extent,  partly  solved  it  by  encouraging  simultaneous  meet- 
ings in  all  parts  of  the  country  where  the  same  paper  can  be 
read  and  discussions  had  thereon,  yet  at  the  same  time,  holding 
the  governing  body,  the  Board  of  Managers  or  the  Council  of 
the  Institute,  responsible  for  the  proper  direction  of  its  work. 
That  all  local  meetings  must  be  amenable  to  the  organic  law  of 
the  Institute,  be  that  law  what  you  may  choose  to  make  it,  I 
think  needs  no  discussion.  I  am  glad  to  say  that  already,  under 
due  authority  of  the  Institute,  local  meetings  have  been  estab- 
lished in  the  city  of  Chicago,  and  I  trust  there  may  soon  be 
other  similar  meetings  held  in  all  other  great  centers  of 
population  where  our  membership  will  warrant  it. 

Such,  I  think,  are  some  of  the  advantages  of  organization 
under  a  central  body  as  opposed  to  organization  under  separate, 
independent  bodies.  They  are,  briefly,  the  advantages  of  concen- 
tration as  opposed  to  those  of  diflEusion ;  of  directed,  organized 
efifort  as  opposed  to  unorganized,  undirected  effort.  To  argue 
in  favor  of  the  latter  would  be,  I  think,  to  deny  the  advantages 
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of  a  central  government,  like  our  national  government  at  Wash- 
ington, with  its  representation  from  all  the  various  States 
of  the  Union,  and  to  revert  to  the  condition  of  states  sovereign- 
ity, an  un-American  and  altogether  untenable  position. 

As  I  look  over  this  assembly  of  distinguished  electricians,  I 
am  particularly  impressed  with  this  thought ;  viz.,  our  average 
member  though  old  in  actual  experience,  is,  nevertheless,  seldom 
hoary  in  years.  There  must  be  something  in  electricity,  though 
what  it  is  I  would  not  venture  to  say,  which  attracts  the  younger 
and  more  vigorous  members  of  our  race  to  its  study;  Percliance 
it  may  be  that  in  this  mysterious  force,  there  exists  some  linger- 
ing traces  of  the  long  sought  for  "  fountain  of  youth  ;"  but,  be 
it  what  it  may,  I  find  in  the  fact  that  such  comparatively  young 
men  have  been  able  to  do  so  much  for  the  world's  weal  in  a 
special  science,  a  bright  promise  of  what  they  may  be  able  to 
accomplish  before  their  tasks  are  completed. 

Such  is  the  record  of  the  past  ten  years  of  our  iNSTrruTE ! 
.  What  will  be  the  history  of  its  next  ten  years  ?  I  look  forward 
confidently  to  a  still  greater  and  more  marked  progress  than  that 
wliich  has  characterized  it  during  the  first  decade  of  its  exist- 
ence. I  believe  that  during  the  next  decade  its  standing  will  l)e 
sucli  that  all  notable  achievements  and  discoveries  in  the  elec- 
trical field  in  this  country  will  either  originate,  in  this  body,  or 
be  carried  out  under  its  direction,  and  that  the  American  Insti- 
tute OF  Electrical  Engineers  will  be  the  acknowledged  center 
of  the  industry  and  art  it  now  so  ably  represents. 

But  while  I  believe  I  see  so  bright  a  future  for  our  American 
Instffute  of  Electrical  Engineers,  I  must  not  be  unmindful 
of  the  fact  I  have  so  earnestly  endeavored  to  point  out,  viz.,  the 
advantages  to  be  derived  from  co-operation,  and  that  our  Insti- 
tute is  only  one  of  several  such  organizations  in  diflEerent  parts 
of  the  world,  and  that  the  highest  purposes  of  the  science  and 
art  in  which  our  interests  are  so  closely  centred,  can  only  be  best 
realized  by  the  most  cordial  sympathy  and  hearty  co-operation 
with  all  associated  societies  and  their  members  wherever  they 
may  be. 

The  President  : — The  next  paper  "  On  the  Subdivision  and 
Distribution  of  Artificial  Sources  of  Light,"  will  be  read 
by  Professor  Anthony. 


A  paper  /resented  at  the  eieventk  General  Meet- 
ing of  the  American  Institute  of  Electrical 
Engineers,  Philadelphia^  May  isth^  1894.  Presi' 
dent  Houston  in  the  Chair, 


ON  THE   SUBDIVISION   AND   DISTRIBUTION   OF 
ARTIFICIAL  SOURCES  OF  ILLUMINATION. 


BT    PROF.    WILLIAM    A.    ANTHONY. 


It  is  a  well  recognized  principle  that  to  illuminate  evenly  a 
given  area  by  means  of  an  artificial  source,  it  is  necessary  that  this 
source  should  consist  of  numerous  small  sources  distributed  over 
the  area.  In  carrying  out  tliis  principle  it  is  usual  to  divide  the 
area  to  be  lighted  into  squares,  and  place  a  lamp  in  the  center  of 
each  square  as  shown  in  Fig.  1  where  each  lamp  is  represented  by 
the  sign  x.  In  order  to  study  the  distribution  of  light  by  this 
arrangement  of  lamps  I  have  computed  the  illumination  at  the 
central  point  of  the  figure  due  to  the  lamps  situated  upon  the 
boundaries  of  each  of  the  squares  represented  by  the  dotted 
lines,  the  illumination  produced  by  the  lamps  on  the  smallest 
square  be  taken  as  unity.  The  following  table  gives  the  values 
up  to  the  twelfth  square,  twice  the  number  represented  in  Fig.  1, 
and  corresponding,  therefore,  to  an  installation  in  which  four 
times  as  many  lamps  are  used. 
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Column  I  gives  the  designating  number  of  each  square  count- 
ing outward  from  the  central  point.     Column  11  gives  the  illu- 
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raination  at  the  center  due  to  the  lamps  located  on  each  bound- 
ary. Column  III  gives  the  total  illumination  at  the  center  due 
to  the  lamps  included  within  and  upon  each  boundary.  Column 
IV  gives  the  number  of  lamps  situated  upon  each  boundary. 
Column  V  gives  the  total  number  of  lamps. 

It  is  seen  from  the  table  that  the  twelfth  series  which  consists 
of  92  lamps  gives  at  the  center  less  than  7  per  cent,  as  much 
light  as  the  first  series  of  four  lamps,  and  contributes  only  about 
two  and  one-half  per  cent,  to  the  total  illumination  at  the  center. 
This  arrangement  of  the  lamps  does  not  give  an  even  distribution 
of  light  over  the  entire  area,  as  will  be  evident  from  a  considera- 
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tion  of  the  illumination  upon  the  outside  boundaries  of  tlie  space. 
It  is  evident  that  the  point  b  at  the  corner  of  Fig.  1  receives  one- 
fourth  as  much  light  as  it  would  do  if  it  were  the  center  of  an 
area  four  times  as  large,  and  lighted  by  four  times  as  many  or 
576  lights.  But  the  illumination  at  the  center  of  such  an  area  as 
seen  by  the  table  is  2.905.  The  illumination  at  b  is,  therefore, 
2.905  -^  4  or  .726,  while  the  illumination  at  a  from  the  sixth  line 
of  the  table  is  2.363.  The  illumination  at  b  is  then  less  than  one- 
third  that  at  A.  At  c  the  illumination  is  evidently  but  little 
more  than  half  that  at  a.     Points  located  between  the  center  and 
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outside  would  be  illuminated  to  an  intermediate  degree,  but  after 
leaving  the  outer  boundary  the  illumination  would  rapidly  ap- 
proach that  at  the  center  of  the  figure.  I  am  considering  always 
points  of  least  illumination  in  any  region,  that  is,  points  situated 
as  far  as  possible  from  any  lamp.  It  is  evident,  therefore,  that 
to  obtain  a  uniform  distribution  of  light,  the  lamps  must  be  con- 
centrated toward  the  outer  boundary  of  the  space  instead  of  be- 
ing placed  at  equal  distances  throughout,  as  in  the  figure. 

But  the  most  interesting  questiofi  connected  with  this  matter 
is :  what  is  the  effect  upon  the  uniformity  of  the  illumination  of 
grouping  the  lamps  in  clusters  or  using  larger  lamps  at  fewer 
points?  It  is  evident  that  whatever  the  candle  power  of  the 
lamps  or  their  distances  apart  in  a  distribution  like  that  repre- 
sented in  Fig.  1,  the  relations  represented  in  the  table  will 
remain  unchanged.  It  is  evident  also  that  the  illumination  at 
the  central  point  will  be  proportional  to  the  intensity  of  the  in- 
dividual sources  (if  lamps  are  placed  in  clusters  each  cluster  is  to 
be  considered  as  a  source)  and  inversely  to  the  square  of  the 
distance  between  the  sources. 

This  illumination  is,  therefore,  given  by  the  formula 

where  f  is  a  constant  depending  on  the  units  employed,  8  the  in" 
tensity  of  the  individual  sources,  d  the  common  distance  between 
them,  and  C  the  quantity  in  column  iii  of  the  table  correspond- 
ing to  the  number  of  sources  as  found  in  column  v. 

Compare  the  illumination  at  the  center  of  an  area  lighted  by 
576  lamps  with  that  at  the  center  of  the  same  area  lighted  by  the 
t*ame  lamps  arranged  in  144  clusters  of  four  lamps  each.  If  8  and 
(I  represent  the  intensity  and  distance  in  the  first  case,  4«  and  id 
will  represent  the  corresponding  quantities  in  the  second  case. 
Cm  the  first  case  is  2.905  corresponding  to  576  sources.  In  the 
second  case,  for  144  sources  C  is  2.363.  The  relation  sought  is, 
therefore, 

K  ~   2.363 
4  d^ 

=  .813 


KS  2.905 
d^ 


The  light  at  the  central  point  with  the  fewer  sources,  is  only 
81  per  cent,  that  obtained  under  the  first  arrangement.     Other 
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pointB  of  minimum  illumination  will  suffer  in  like  manner.  On 
the  other  hand,  points  near  the  clusters  of  lamps  will  be  much 
more  strongly  illuminated  than  corresponding  points  near  the 
single  lamps  of  the  first  arrangement. 

If  it  be  required  that  the  illumination  at  no  point  shall  be  less 
in  the  second  case  than  in  the  first,  it  will  be  necessary  to  increase 
the  intensity  of  the  sources  nearly  25  per  cent,  or  make  the 
clusters  consist  of  five  instead  of  four  lamps. 

Again,  suppose  an  area  liglited  by  04  sixteen  c.  p.  lamps  distri- 
buted as  in  Fig.  2.  It  is  re(|uired  to  substitute  1()  lamps  of  larger 
caudle  power  distributed  as  in  Fig.  8,  and  fulfilling  the  condition 


jjf_  .-* >^_.^)^_  ._x..   .-H-.    -M iL 

J 1—  ^ ^ ^ ^ 

%          *-    -*-    -X---it-    -K---*|C         *  !                                                                        I 

J 1 j ^  1 {- 

lc       if.       If X--K---*       ;k       i  I                                                   ' 

*     t     X     *--¥     »     X     ^c  I            ;            J            ; 

j 1 1 ! 1 j — ; u-        — 1 1 u 

I      •      I      •      I      I      I      I  I            I            I 

*         «         *         *-    -X          «         *         X  j                      I                      I                      I 

-j \ 1 1 1 'r—  ;(c  * ^  ^ 

«       X       *---x — X-  --i       x      *  \                                                I 

J — I \ — '^      — ! 1 

X         >-  —  ¥,-■  -M--M--  -n-  -*         X  [                                                                [ 

j^ [ —  ^ ^c -K •* 

« -M « -K—  -*<-       -H       -  X       -*C 


Fig.  2. 


Fig.  8. 


that  the  minimum  illumination  shall  be  no  less  in  the  latter  case. 
If  X  be  the  candle  power  of  the  larger  lamps,  we  have : 


^d' 


X  1.511  =  V'  X  2.046 


...  ,,  2.046       ^^  ^ 
1.511 


From  which  it  appears  that  the  total  candle  power  must  be 
increased  35^  per  cent.  If  the  16  candle  power  lamps  consumed 
8.5  watts  per  candle,  the  larger  lamps  to  compete  with  them 
should  consume  less  than  2.6  watts  per  candle. 

It  will  be  noted  from  the  two  examples  given,  that  the  loss 
from  reducing  the  number  of  sources  in  a  given  ratio  is  less 
when  the  number  is  large.  In  other  words,  large  lamps,  or  clus- 
ters of  lamps,  can  be  more  economically  used  for  large,  than  for 
small  areas. 
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An  inspection  of  the  table  will  show,  that  while  a  given  area 
may  be  lighted  satisfactorily  by  16  clusters  of  four  lamps  each, 
an  area  one-fourth  as  large,  lighted  by  four  clusters  at  the  same 
distance  apart,  would  not  be  as  well  lighted  with  six  lamps  to 
the  cluster.  It  will  be  seen  also  that  the  larger  the  area,  the 
further  apart  may  lamps  of  the  same  candle  power  be  placed. 
For  example  a  room  40  feet  square  with  16  lamps  10  feet  apart, 
is  fully  as  well  lighted  as  a  room  16  feet  square  with  four 
lamps  eight  feet  apart. 

Let  us  compare  arc  and  incandescent  lights  on  the  same  basis, 
that  the  minimum  illumination  shall  be  the  same  under  both 
systems.  First,  I  must  say  that  the  efficiency  of  arc  lights  has 
been  greatly  overrated.  Instead  of  being  ten  times,  it  is  rarely 
three  times,  and  often  only  one  and  a  half  times  that  of  an  in- 
candescent lamp.^  This  is  for  the  naked  arc.  For  indoor  illu- 
.  mination,  ground  or  opal  globes  are  nearly  always  used,  and  these 
cut  off  fully  half  the  light.*  This  leaves  the  efficiency  at  the 
most  1.5  times  that  of  the  incandescent  lamp.  The  power  re- 
quired for  a  16  candle  incandescent  lamp  is  50  watts,  and  for  a 
full  arc  lamp  450  watts.  The  arc  lamp  must,  therefore,  replace 
nine  incandescents.  Assuming  that  the  lamps  are  distributed  as 
described  in  this  paper,  the  table  shows  that  if  four  arcs  take 
the  place  of  36  incandescents,  their  efficiency  as  compared  with 
the  incandescents  must  be  1.823,  and  with  a  relative  efficiency  of 
only  1.5,  the  arc  lamps  would  not  light  the  space  as  well  as  the 
incandescents.  If  16  arcs  take  the  place  of  144  incandescents, 
the  ratio  of  the  efficiencies  required  is  1.56,  and  arcs  at  1.5  are 
still  not  equal  to  the  incandescents.  If  64  arcs  take  the  place 
of  576  incandescents,  the  ratio  of  the  efficiencies  becomes  1.42, 
and  arcs  at  1.5  would  be  an  improvement  on  the  incandescents. 
It  comes  then  to  this,  that  unless  the  area  to  be  lighted  is  so 
large  as  to  require  about  500  incandescent  lamps  distributed  uni- 
formly over  it,  the  use  of  full  arc  lamps  requiring  the  same 
power,  will  leave  some  parts  of  the  area  less  brilliantly  lighted. 
'  If  we  could  make  small  arc  lamps  of  the  same  efficiency  as 
the  full  arc — by  full  arc  I  mean  the  so-called  2,000  candle  lamp 
consuming  about  450  watts — we  could  improve  somewhat  upon 

1.  See  "  Eflaciency  of  Artificial  Methods  of  Illumination."  Dr.  Nichols  : 
Transactions,  vol.  vi.,  p.  171. 

2.  **  Loss  of  Light  from  Use  of  Globes  with  Arc  Lamps."  George  D.  Shepard- 
son:  J^Slee^rical  World,  vol.  xxiii.,  p.  287. 
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the  result  as  obtained  above.  But  the  fact  that  the  mechanism 
of  a  small  arc  lamp  costs  just  as  much  as  tliat  of  a  large  one,  and 
that  edch  small  arc  will  require  as  much  care  and  attention  as  a 
large  one,  would  place  a  limit  upon  the  subdivision  of  the  arc 
even  if  the  efficiency  could  be  maintained.  And  here  I  wish  to 
enter  a  protest  against  the  assumption  that  I  often  find  in  discus- 
sions of  this  subject,  that  the  sfhcaUed  1,200  and  2,000-candle 
power  arc  lamps  are  1,200  and  2,000-candle  lamps.  There  is  no 
450  watt  arc  lamp  in  use  that  will  measure  2,000-candle8  in  the 
direction  of  greatest  intensity ,'and  compared  with  other  artificial 
sources  for  general  illumination,  that  is  measured  as  other  sources 
are  measured,  there  is  no  450  watt  lamp  that  will  give,  when 
surrounded  by  a  plain  glass  globe,  500  candles. 

In  a  linear  distribution,  as  in  street  lighting,  the  arc  is  at  a  'still 
greater  disadvantage.  Remembering  that  nine  16-candle  incan- 
descent lamps  can  be  run  with  the  power  required  for  one  460-' 
watt  arc,  it  is  seen  that  the  arcs  must  be  nine  times  as  far  apart 
as  incandescents  consuming  the  same  power,  and  to  give  the  same 
minimum  illumination  nmst  be  81  times  as  intense,  or  about 
1,300  candle  power.  But  in  no  arc  lamp  as  used  for  street  light- 
ing, do  the  rays  proceeding  toward  the  most  distant  points  to  be 
illuminated,  reach  more  than  one-fourth  this  intensity.  In  my 
way  of  thinking,  the  location  of  arc  lamps  at  intervals  of  1,000  to 
1,600  feet  as  they  are  often  seen  in  pretentious  country  villages 
aud  suburban  places  is  an  entire  waste  of  money.  A  little  spot 
50  to  100  feet  in  diameter  under  each  lamp  is  brilliantly  lighted, 
while  the  more  distant  points  are  in  darkness  all  the  more  pro- 
found from  the  loss  of  sensitiveness  of  the  eye  when  in  the  strong 
light.  Incandescent  lamps  at  intervals  of  100  to  200  feet,  which 
could  be  run  by  the  same  power,  would  give  a  far  better  illumin- 
ation. 

Of  course,  in  deciding  between  the  use  of  arc  and  incandescent 
lamps  in  any  special  case,  there  are  other  questions  to  be  con- 
jsidered  besides  that  of  the  power  required  to  operate.  Practical 
questions  of  installation  may  outweigh  all  others.  The  consider- 
ations of  these  is  foreign  to  this  paper.  The  question  I  have 
considered  is  purely  one  of  efficiency,  and  in  treating  that 
question  I  have  assumed  that  every  part  of  a  space  to  be  lighted, 
needs  the  same  amount  of  light.  I  have  omitted  from  the  con- 
sideration all  effects  of  reflection  from  ceilings,  walls,  or  reflec- 
tors purposely  provided,  as  these  are  too  various  and  depend  too 
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much  upon  the  conditions  in  each  special  case  to  be  introduced 
into  a  general  discussion.  My  main  object  has  been  to  point  out 
to  just  what  extent  the  general  illumination  of  a  space  is  affected, 
other  things  being  equal,  by  the  use  of  large  in  the  place  of  small 
sources  using  in  the  aggregate  the  same  power,  and  I  trust  the 
figures  and  illustrations  I  have  given  may  be  found  useful  in 
considering  the  special  cases  that  may  arise. 
Vineland,  N.  J..  April  28th,  1894. 
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Discussion. 

Mr.  Nelson  W.  Perry  : — I  would  like  to  ask  in  regard  to  the 
statement  that  no  450  watt  lamp  will  give,  when  surrounded  by 
a  plain  glass  globe,  500  candles,  what  it  means  ?  There  have 
been  so  many  thousand  measurements  of  the  intensity  of  arc 
lamps  that  Imve  almost  universally  shown  an  intensity  in  the 
plane  of  maximum  illumination  between  750  and  1250  and  even 
more,  that  it  would  seem  that  they  could  not  all  be  wrong. 
Most  of  these  measurements  were  made  with  lamps  without 
globes  probably.  Now,  if  we  assume  1000  c.  p.  as  an  average  of 
all  of  these  determinations  without  globes,  we  must  assume  that 
Prof.  Anthony's  statement  if  true  must  mean  that  clear  glass 
globes  cut  off  at  least  50  per  cent,  of  the  light  in  order  to  bring 
it  down  to  500.     This  of  course  is  absurd. 

Prof.  Anthony: — I  think  you  misunderstood  the  statement 
there.  The  statement  is  in  tne  direction  of  the  most  distant 
point  to  be  illuminated. 

The  President: — Is  that  made  by  the  short  arc  or  the  long 
arc? 

Prof.  Anthony  : — The  long  arc  450  watt  lamp.  That  is  in 
the  direction  of  the  farthest  point  to  be  illuminated.  It  would 
be  not  more  than  ten  degrees  from  the  horizontal  line.  The 
illumination  of  any  arc  lamp  in  that  direction  is  very  small. 

Mr.  Kennelly  : — ^While  the  figures  that  Prof.  Anthony  gives- 
are  no  doubt  true  in  the  open  air,  without  moon  or  star  light ; 
that  is  to  say  where  there  is  no  reflection ;  yet  within  doors  the 
circumstances  of  reflection  from  walls  and  ceilings,  would  so  far 
modify  the  practical  conditions  of  the  problem,  that  the  conclu- 
sions to  be  drawn  from  the  paper  will  surely  undergo  great 
modification  in  consequence;  and  while  no  doubt  the  general 
proposition  is  true  that  to  get  the  most  uniform  and  the  least 
minimum  illumination  at  any  point,  you  should  place  a  thousand 
candles  in  1,000  candles  and  not  have  it  in  one  lamp,  still  the 
effect  of  reflection  from  walls  and  ceilings,  will  so  far  modify 
any  preconceived  notions  that  we  may  have  upon  what  should 
be  the  best  luminous  distribution,  that  everything  would  largely 
depend  upon  the  particular  circumstances  of  each  case. 

The  President  : — I  must  confess  to  considerable  surprise  at 
the  figures  reached  by  Prof.  Anthony.  I  do  not  doubt  but  that 
as  a  careful  scientific  man  he  has  trie  facts  of  actual  measure- 
ment to  warrant  the  correctness  of  these  conclusions.  I  would 
say,  though,  that  such  a  very  small  economy  of  light  for  an  arc 
lamp  is  quite  at  variance  with  the  experience  1  have  had  in  the  mat- 
ter, and  is  absolutely  inconsistent  with  our  ideas  of  the  relations 
existing  between  temperatures  and  the  power  of  emitting  light. 
The  temperature  of  an  arc  is  immensely  higher  than  that  of  an 
incandescent  filament  at  any  temperature  at  which  it  would  be 
practicable  to  run  the  filament,  and  to  get  so  astoundingly  small 
an  economy  out  of  an  arc  lamp  shows  that  there  must  be 'either 
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some  peculiarity  of  measurement,  or  something  wrong  in  our 
preconceived  ideas  as  to  the  relation  which  ought  to  exist  be- 
tween candle  power  and  temperature.  I  do  not  think  it  fair  to 
measure  the  light  giving  power  of  an  arc  in  a  horizontal  direc- 
tion and  base  conclusions  on  that.  It  is  fair  enough  to  take  that 
in  an  ordinary  gas  flame  or  in  an  incandescent  light  where  this 
direction  is  far  from  being  its  position  of  least  emciency.  I  do 
not  think  it  is  fair  to  take  it  in  the  case  of  an  arc  light.  I  was 
particularly  induced  to  ask  whether  you  were  running  with  the 
long  arc  or  the  small  arc  since  it  struck  me  at  first  that  possibly 
the  error  might  come  from  the  shading  of  the  positive  crater  by 
the  projection  or  nipple  on  the  negative  carbon.  The  figures 
surprise  me  very  much.  I  feel  sure  that  it  will  be  quite  a 
surprise  to  those  interested  in  arc  lighting  in  the  country  to  learn, 
if  I  am  correct  in  my  understanding,  that  you  do  not  get  more 
than  one  amd  one-half  times  out  of  the  arc  than  out  of  the  in- 
candescent.    Still,  if  true,  it  is  very  well  worth  learning. 

Mr.  Steinmetz  : — I  think  the  figures  are  not  very  far  from 
true.  When  the  2,000  candle  power  arc  light  got  this  name,  it 
was  given  to  it  because  if  everything  is  adjusted  carefully,  as  it 
can  be  done  in  the  laboratory,  then  the  maximum  intensity  is 
about  2,000  candles,  but  the  spherical  intensity  is  only  little 
more  than  one-third  as  high,  that  is,  700  candles,  and  taking 
into  consideration,  that  a  part  of  the  light  is  shaded  off  by  the 
glass  globe,  we  get  not  very  far  from  500  candles  as  the  mean  in- 
tensitv  of  the  covered  arc.  Still  from  another  side  you  can  ap- 
proach the  same  result : 

The  brilliancy  of  the  arc  is  that  of  boiling  carbon.  The 
brilliancy  of  the  incandescent  lamp  filament,  that  is,  the  candles 
per  watt,  is  less.  But,  increasing  the  temperature  by  raising  the 
voltage,  increases  the  brilliancy,  until  the  carbon  filament  evapo- 
rates. Now,  immediately  before  this,  the  brilliancy  must  be 
about  the  same  as  that  oi  the  arc.  Photometric  teste  of  incan- 
descent lamps  at  seven  to  eight  times  their  rated  candle  power 
give  brilliancies  of  from  1  to  1.2  candles  per  watt,  and  seem  to 
point  towards  a  maximum  value  of  about  1^  c.  p.  per  watt.  The 
spherical  brilliancy  of  very  large  arcs  was  observed  as  1.5  to  1.7 
candles  per  watt. 

The  above  stated  data  of  2,000  maximum  or  700  spherical 
candles  for  the  ordinary  450  watt  arc  gives  a  brilliancy  of  1.55 
candles  per  watt,  so  that,  estimating  the  light  absorption  of  the 
glass  globe  as  30  per  cent,  we  get  the  figures  given  by  Prof. 
Anthony. 

Hence  the  name  "  2,000  candle  power  arc  "  only  refers  to  the 
maximum  intensity  of  the  naked  arc  in  the  most  favorable  direc- 
tion. A  more  proper  way  to  rate  arc  lamps  would  be,  not  by 
the  candle  power,  but  by  the  watte  consumed.  I  think  that  is 
quite  extensively  done  now. 

Mb.   Clayton  W.   Pike: — I    understand    Prof.    Anthony's 
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figures  are  about  500  candles  spherical  when  the  glass  globe  is  on. 

I  remember  making  a  number  of  experiments  on  1,200  candle 
power  lights  without  any  globe,  of  the  spherical  intensity,  and 
m  every  case  we  ran  below  450  candles.  If  we  change  from 
the  1,200  to  the  2,000  and  also  bring  in  the  correction  for  loss 
from  the  globe,  we  shall  find  those  figures  correspond  very 
closely  with  Prof.  Anthony's.  I  have  done  that  on  a  sufficient 
number  of  arc  lights  to  enable  me  to  feel  sure  that  those  figures 
are  correct. 

Pbof.  Anthony  : — If  I  may  put  a  figure  on  the  blackboard : — 
(making  a  sketch.  Fig.  4)  measuring  the  intensity  of  the  light 
from  an  arc  lamp  at  various  angles  from  the  horizontal  down- 
ward, we  obtained  results  which  when  plotted  on  a  system  of 
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polar  coordinates  gives  a  curve  like  a,  J,  <?,  rf,  where  oa,  o  J,  oc, 
etc.,  represent  the  intensities  in  those  directions.  The  maximum 
intensity  occurs  at  45  or  50  degrees  below  the  horizontal,  and 
from  that  point  toward  the  horizontal  it  decreases  very  rapidly, 
until  along  the  horizontal  the  450  watt  arc  will  rarely  measure 
more  than  300  candles.  It  is  usual  to  take  as  the  mean  intensity 
of  the  arc  light  the  mean  intensity  in  the  lower  hemisphere  be- 
cause it  is  the  lower  hemisphere  tliat  we  wish  to  illuminate  in  all 
ordinary  use  of  the  lamp.  Since  the  light  in  the*  upper  hemi- 
sphere is  extremely  small,  the  mean  intensity  for  tne  lower 
hemisphere  is  mucli  greater  than  the  mean  intensity  for  the 
entire  sphere,  but  even  in  the  lower  hemisphere  the  mean  inten- 
sity is  not  above  500  candles. 
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The  Pkesident: — ^At  what  height  did  you  estimate  the  average 
height  of  the  arc  ? 

Prof.  Anthony: — These  are  candle  power  measurements 
made  on  a  photometer.  The  horizontal  m^tensity  would  be  a 
horizontal  line. 

The  President  : — You  are  not  considering  then  the  question 
of  illumination  at  all  ? 

Prof.  Anthony: — In  this  case,  in  determining  the  candle 
power,  we  simply  measure  it  on  a  horizontal  line  as  so  many 
candles  and  so  on  as  you  go  down.  At  46  or  50  degrees  there 
is  a  maximum,  and  the  measurements  will  sometimes  run  to  1,500 
or  1,700  candles.  On  good  450  watt  long  arc  lamps  I  never 
obtained  but  one  measurement  out  of  thousands  I  have  made,  as 
high  as  2,000  candles. 

The  President: — That  probably  is  near  the  crater,  say,  on  on& 
side. 

Prof.  Anthony  : — Very  likely. 

The  President  : — I  do  not  yet  see  why  you  call  that  the 
maximum  intensity.  That  is  not  the  maximum  intensity ;  else  I 
do  not  understand.  The  horizontal  line — did  I  understand  you 
to  call  that  the  maximum  intensity  ? 

Prof.  Anthony  : — No.  At  some  45  degrees  below  the  hori- 
zontal, is  the  line  of  maximum  intensity.  At  the  horizontal 
line  it  would  not  be  more  than  300  candles. 

The  Secretary  : — Then  the  practical  efficiency  of  the  lamp 
would  depend  very  largely  on  what  purpose  that  lamp  was  in- 
tended for.  If  it  was  intended  for  the  illumination  of  a  park 
or  any  large  open  space,  it  might  be  well  to  have  it  up  at  a  cer- 
tain height,  while  for  practical  purposes,  if  the  illumination  was 
required  on  a  horizontal  plane  opposite  the  arc  it  would  be  com- 
paratively inefficient.  So  that  the  practical  result  will  have  to 
depend  largely  on  the  purpose  for  which  the  lamp  is  designed. 

Mr.  Francis  E.  Upton  : — A  little  apart  from  the  subject  of 
arc  lamps,  I  would  like  to  say,  that  I  am  very  glad  to  see  that 
Prof.  Anthony  has  made  an  effort  at  the  distribution  of  light, 
which,  as  I  understand,  is  the  title  of  this  paper.  A  number  of 
times  I  have  had  that  subject  brought  before  me,  and  I  know 
that  it  is  one  of  the  most  puzzling  subjects  which  can  be  pre- 
sented. The  tconditions  vary  so,  as  Mr.  Kennelly  mentioned, 
about  ceilings  and  walls,  that  the  question  of  proper  distribu- 
tion of  light  is  one  which  it  is  very  difficult  to  answer  in  general 
terms.  There  is  one  point  in  distribution  which  I  have  noticed, 
which  probably  many  of  you  have  observed :  that  is  the  fact,  that 
in  the  illumination  of  a  given  space,  the  whole  aim  should  be 
not  to  spot  the  lighting,  so  that  the  eye  will  not  lose  its  sensitive- . 
ness  by  being  dazzled  by  a  bright  spot.  It  is  well  known  to  those 
who  have  to  do  with  lighting,  especially  with  the  incandescent 
lamp,  that  rooms  can  vary  two  or  three-fold  in  their  rate  of  illu- 
mination ;  that  is  the  absolute  rate  of  illumination  without  being 
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noticed  if  the  eye  has  only  darkness  to  compare  the  liojht  with. 
1  wish  Mr.  Stieringer  were  here,  as  he  is  a  master  of  the  art  of 
illumination.  He  put  in  practice  one  of  the  most  successful  illu- 
minations in  this  country ;  that  was  at  the  exposition  at  Louisville 
some  years  ago.     At  that  place  he  distributed  his  lights  with  the 

Eower  to  prevent  anybody  from  putting  an  arc  lamp  in  the 
uilding,  or  from  using  any  light,  grouped  in  clusters,  near  the 
ground.  The  result  was  that  he  was  able  to  illuminate  a  large 
exhibition  building  there,  so  that  it  looked  brilliantly  lighted 
with  a  very  low  grade  of  absolute  illumination,  because  there 
was  no  one  spot  which  your  eye  looked  at  which  made  the  rest 
look  dark.  1  feel  that  there  is  great  room  for  some  good 
means  for  determining  illumination  in  distinction  from  determin- 
ing the  candle  power  of  the  light  giving  body.  There  appears 
fo  be  no  good  unit  for  illumination  that  is  thoroughly  reliable 
for  this  purpose,  and  I  think  that  a  discussion  of  the  general 
lines  that  rrof.  Anthony  has  made  in  this  paper,  adds  to  the 
knowledge  of  what  is  meant  by  the  distribution  of  light,  and  I 
jQnd  it  very  interesting.  1  think,  probably  many  of  you  have 
perceived,  in  going  along  a  street  at  night  and  looking  into  the 
various  stores  and  seeing  how  much  the  illumination  varies,  by 
reason  of  the  mode  of  placing  the  lights  in  those  places,  how 
much  more  use  can  be  made  out  of  lamps  well  placed  than  out 
of  lamps  poorly  placed. 

The  Prksident  : — I  suppose  the  photometer  you  used  abso- 
lutely prevented  any  reflection  from  the  ground.  You  simply 
measured  the  horizontal  ray.  You  had  probably  a  shield  or 
screen  or  something  to  prevent  any  other  light  from  coming  in 
except  from  that  direction. 

Prof.  Anthony  : — Those  measurements  such  as  I  have  shown 
on  the  board  are  made  in  the  photometer  room — a  blackened 
room. 

The  President: — Consequently  you  would  lose  all  possible 
advantage  of  what  you  get  in  actual  practice — illumination  of 
objects  from  light  thrown  from  the  ground.  I  cannot  believe  in 
only  one  and  a  naif  times  the  eflSciency  of  the  arc  light  over  the 
incandescent.  It  is  contrary  to  my  experience.  I  think  there  is 
something  wrong  in  the  method.  However,  I  certainly  shall 
know  in  a  little  while  whether  1  am  wrong  or  not.  • 

Mr.  K.  O.  Heinrich  : — It  is  rather  surprising  that  so  little 
attention  has  been  paid  to  the  very  important  and  eminently 
practical  questions  considered  by  Professor  Anthony.  If  we 
would  simply  make  a  distinction  between  luminosity  of  a  source 
and  illumination  produced,  such  perplexing  questions  as  the 
actual  candle  power  of  a  "2000  candle  power"  arc  would  be  of 
very  minor  importance. 

On  account  of  the  complication  of  conditions  the  illuminating 
effect  of  a  combination  of  sources  of  light,  such  as  met  with  for 
artificial  illumination,  is  almost  beyond  mathematical  computation. 
A  practical  and  successful  solution  of  such  problems  can  be  ob- 
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tained  only  through  a  vast  number  of  observations  and  measnre- 
ments. 

The  requirements  of  actual  practice  are  two-fold:  First:  A 
uniform  illumination  should  be  attained,  one  which  comes  nearest 
to  the  ideal  illumination  of  diffused  daylight.  Second :  A  definite 
intensity  of  illumination  should  be  assumed  as  necessary  either 
for  the  performance  of  certain  work,  such  as  reading,  writing, 
drawing,  sewing,  etc ;  for  general  indoor  illumination  in  theatres, 
halls,  etc.,  and  lor  outdoor  and  street  illumination. 

It  matters  little  for  these  considerations  what  the  "candle 
power''  of  a  source  of  light  amounts  to ;  for  the  conception  of  a 
definite  illunjination,  this  expression  is  without  meaning.  It  is 
necessary  under  the  above  considerations  to  express  the  intensity 
of  illumination  in  its  own  distinct  unit. 

Little  has  been  done  towards  the  universal  adoption  of  such  a 
unit,  although  the  "  metre  candle  "  was  proposed  for  the  purpose 
more  than  ten  years  ago  by  Prof.  Leonnard  Weber,  W.  H. 
Preece,  and  Mr.  Wybaw,  the  latter  proposing  the  name  "  lux  " 
for  this  unit. 

On  the  authority  of  Dr.  H.  Cohn  (Breslau)  60  metre  candles 
Are  sufficient  to  permit  reading  with  the  same  facility  as  in 
diffused  daylight.  He  considers  10  metre  candles  as  a  minimum 
illumination  from  a  hygienic  standpoint,  for  the  purpose  of  read- 
ing. Wybauw  (M^sure  et  repartition  de  I'eclairement.  JBvU.  de 
la  Soc.  Beige  d^Electr.^  1885)  considers  15  to  25  metre  candles 
or  "lux"  as  necessary  to  permit  a  fluent  and  prolonged  reading 
of  a  newspaper,  and  holds  that  a  minimum  of  one  metre  candle 
should  be  required  for  street  illumination. 

Assuming  such  or  similiar  values  based  upon  a  unit  of  illumi- 
nation, all  controversy  as  to  candle  powers  would  be  at  an  end. 
Contracts  for  the  illumination  of  reading  rooms,  halls,  streets, 
43quare6,  etc.,  should  specify  a  required  minimum  illumination 
in  some  such  unit  as  above  referred  to,  and  it  would  then  rest 
with  the  expert  engineer  to  accomplish  this  with  the  least  possible 
amount  of  mechanical  energy  converted  into  light. 

Actual  measurements  would  soon  convince  us  in  what  bungling 
way  illumination  is  generally  carried  out.  Prof.  Anthony's 
remarks  in  reference  to  the  lighting  of  pretentious  country 
villages  and  suburban  places  are  very  pertinent;  they  would 
apply  equally  well  to  tlie  illumination  of  our  city  streets  and 
squares  if  it  were  not  for  the  illuminated  shop  windows  which 
somewhat  mitigate  the  contrast  between  superabundance  of  light 
and  darkness. 

In  connection  with  this  matter  I  may  be  allowed  to  make 
reference  to  Professor  L.  Weber's  portable  photometer,  which  is 
especially  adapted  for  making  measurements  of  the  intensity  of 
illumination.  This  photometer  seems  little  known  on  this  side 
of  the  Atlantic,  ana  I  therefore  give  a  sketch  of  its  general 
arrangement.     See  Fi^.  5  and  6. 

The  apparatus  consists  of  a  tube  a  about  30  cm.  long,  which 
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can  be  moved  up  and  down,  and  swong  in  a  horizontal  plane  on 
the  upright  0.  The  standard  light  s,  a  benzine  lamp,  is  contain- 
ed in  a  lantern  fastened  to  the  right  end  of  the  tube  a.  Within 
the  tube  a  a  circular  plate  of  opal  glass  can  be  moved  from  or 
towards  the  light  s ;  its  distance  from  s  is  read  in  centimetres  on 
the  scale  s  by  means  of  an  index  fastened  to  the  pinion  p.  At 
right  angle  to  tube  a  a  second  tube  b  is  fastened.  This  tube  can 
be  rotated  in  a  vertical  plane,  and  its  position  in  reference  to  the 
horizontal  is  read  on  the  graduated  circle  c.  A  rectangnlar 
prism  contained  in  tube  b  in  its  axis  of  rotation  receives  light 
irom  the  opal  glass  plate  in  tube  a  and  reflects  this  light  towards- 


(One  sixth  full  size.) 


Fig.  5. 

the  eye  piece  o,  so  that  the  right  half  of  the  field  of  vision  is 
illuminated  by  this  light,  the  left  half  is  illuminated  by  the  light 
entering  the  tube  b  at  g. 

In  making  measurements,  the  tube  b  is  pointed  towards  the 
source  of  light  to  be  measured.  This  light  has  to  pass  through 
a  square  box  g  in  which  may  be  inserted  one  or  more  opal  glass 
plates,  in  order  to  diminish  the  intensity  of  the  light  and  thus  to 
make  it  comparable  with  the  standard  light.  The  apparatus 
permits  the  meRSurement  of  light  in  the  shape  of  a  flame  as  well 
as  the  measurement  of  diffused  light. 

Since  the  measurement  of  diffused  light  interests  us  most  at 
present,  a  short  description  of  the  method  will  not  be  out  of 
place. 
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A  white  screen,  the  surface  of  which  is  -  absolutely  without 
lustre,  furnished  as  part  of  the  apparatus,  is  placed  in  a  con*' 
venient  position,  either  horizontal  or  vertical,  or  at  any  desired 
inclination  towards  the  source  of  light. 

The  photometer  having  been  located  at  a  convenient  distance 
from  the  screen,  the  tube  b  is  pointed  to  the  center  of  the  screen. 
The  distance  of  the  photometer  from  the  screen  can  be  varied 
within  very  wide  limits,  the  only  restrictions  being  that  the  field 
of  vision  receives  no  other  light  than  that  emanating  from  the 
screen.  The  necessary  precautions  for  adjustment  having  been 
observed,  the  opal  glaiss  plate  in  tube  a  is  moved  untn  both 
halves  of  the  field  of  vision  appear  equally  illuminated.  The 
distance  r  of  this  glass  plate  irom  tne  standard  light  at  the 
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Fig.  6. 

moment  of  equal  illumination  is  read  on  the  scale  on  tube  a 
in  millimetres,  and  the  intensity  of  illumination  on  the  white 
screen  is  calculated  from  the  formula. 

The  constant  K  is  previously  determined  as  follows : 
A  standard  candle  is  placed  exactly  one  metre  distant  from 
the  white  screen  and  the  tube  b  of  the  photometer  is  pointed 
towards  the  screen,  so  that  the  center  of  the  screen,  which  is 
marked  by  a  cross,  is  seen  in  the  center  of  the  field  of  vision. 
As  indicated  in  the  sketch,  the  photometer  must  be  so  placed 
that  the  eye  looking  through  the  eye  piece  sees  nothing  but  the 
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white  Bcreen.  The  angle  of  inclination  under  which  the  screen 
is  observed  may  be  varied  within  wide  limits  without  influencing 
the  result,  it  should  however  not  exceed  60°  from  the  normal  to 
the  screen. 

Equal  illumination  of  both  halves  of  the  field  of  vision  having 
been  obtained  by  means  of  adjusting  the  opal  glass  plate  in  tube 
A,  the  constant  c  is  found  by  calculation  ; 

Since  r  is  read  in  millimetres  and  H  is  made  1  metre  or  10000 
millimetres,  10000  instead  of  1  must  be  taken  in  the  formula  for 
<;alculating  the  intensity  of  illumination  in  metre  candles. 

A  second  method  permits  of  measurements  of  diffused  light 
without  the  intervention  of  the  screen,  but  for  further  details  I 
must  refer  to  the  description  of  the  apparatus  by  Prof.  Weber, 
Elekrotechnische  Zeitschriftj  vol.  v.  p.  166. 

Since  the  whole  apparatus  can  easily  be  taken  apart  and  packed 
in  a  box  about  24  x  8  x  12  inches,  it  recommends  itself  extremely 
well  for  out-of-door  work.  In  this  case  the  benzine  lamp  mi^ht 
well  be  replaced  by  a  small  incandescent  lamp,  provided  tnis 
lamp  is  standardized  before  and  after  each  set  of  experiments.  I 
have  found  such  miniature  lamps  very  convenient,  and  quite 
sufficiently  constant  in  candle  power  for  several  hundred  observa- 
tions. 

The  President  : — If  there  is  no  further  discussion,  we  will 
go  on  with  the  next  business.  I  understand  that  Mr.  Wurts 
has  notified  the  Secretary  that  it  would  be  impossible  for  him  to 
read  his  paper  on  "Discriminating  Lightning  Arresters  and  Re- 
cent Progress  in  Means  for  Protection  against  Lightning,"  today. 
Meanwhile,  Mr.  Hammer  has  asked  the  privilege  of  the  floor  to 
explain  a  matter  in  connection  with  the  consideration  of  rules 
adopted  by  the  National  Electric  Light  Association  for  electrical 
construction  and  operation. 

Mr.  W.  J.  Hammer  : — Mr.  President  and  gentlemen — Secretary 
Porter  of  the  National  Electric  Light  Association  has  sent  me  for 
distribution  some  of  the  copies  of  the  Standard  Rules  for  elec- 
trical construction  and  opemtion  recently  adopted  at  the  conven- 
tion at  Washington  of  the  National  Electric  Light  A^ssociation, 
and  on  behalf  of  that  Association  and  as  chairman  of  the 
Committee  on  Standard  Rules  I  wish  to  bring  these  rules  before 
the  Amekican  Institute  of  Electrical  Engineers,  and  I  make 
the  motion  that  the  chair  appoint  a  committee,  preferably  of  five, 
who  will  examine  these  rules  with  a  view  of  recommending  their 
endorsement  by  the  Institute.  And  in  connection  with  this 
motion  I  would  like  to  ask  that  this  be  taken  up  as  a  special 
matter  on  Thursday. 

I  wish  to  say  one  word  in  this  connection,  and  that  is  that 
these  rules  are  the  result  of  a  very  large  amount  of  work  by  gen- 
tlemen connected  with  a  number  of  committees  which  have  had 
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this  matter  in  charge  for  years  past.  Some  years  ago  there 
existed  an  infinite  variety  of  rules  issued  by  the  diflferent  insu- 
rance companies,  boards  of  trade,  electric  light  companies,  experts 
and  others,  which  rules  have  gradually  disappeared  or  been 
incorporated  in  a  set  of  rules  issued  by  the  Jjational  Electric 
Light  Association.  These  rules  have  been  issued  with  very  slight 
modifications  by  the  International  Board  of  Fire  Underwriters, 
the  National  Board  of  Fire  Underwriters,  and  the  Local  Board 
of  Fire  Underwriters  without,  however,  giving  any  credit  to  the 
original  source,  which  is  the  National  Electric  Light  Association. 
Various  efforts  have  been  made  to  have  one  single  set  of  rules  go 
out.  It  is  my  hope  and  that  of  others  that  before  this  year  expires 
some  action  will  be  taken  which  will  bring  about  this  long  sought 
for  result,  and  as  these  rules  that  are  issued  by  the  National 
Electric  Light  Association  are  to  all  intents  and  purposes  the 
same  ones  which  are  issued  by  the  Board  of  Fire  Underwriters, 
with  very  slight  modification,  I  would  recommend  that  this  com- 
mittee be  authorized  to  examine  into  these  rules  with  a  view  ta 
recommending  their  endorsement  by  the  Amerioan  Institute  of 
Electbical  Engineers.  This  will  be  a  step  in  the  right  direc-^ 
tion.  There  will  be  undoubtedly  certain  things  open  to  criticism. 
But  these  rules  are  in  the  hands  of  a  permanent  committee 
that  are  intending  to  make  them  the  standard  rules  and  keep 
them  up  to  date,  and  the  endorsement  of  the  Institute,  as 
a  representative  body  of  scientific  men  interested  in  matters  of 
this  character,  will  assist  this  good  work  and  I  feel  sure  that  with 
this  endorsement  by  the  Institute,  before  the  year  is  out  or  be-^ 
fore  another  year  come?,  there  will  be  but  one  set  of  rules  which 
will  be  satisfactory  and  which  will  receive  the  endorsement  of 
the  National  Electric  Light  Association,  the  Boards  of  Fire 
Underwriters,  the  American  Institute  of  Electtrical  Engin- 
eers and  all  other  bodies.  It  is  with  this  end  in  view  that  I 
have  asked  the  privilege  of  bringing  the  matter  before  the 
Institute,  and  I  make  the  motion  that  the  chair  appoint  five 
gentlemen  to  report  upon  this  matter  and  bring  it  up  before  the 
meeting  on  Thursday. 

[The  motion  was  carried.] 

The  President  : — The  Chair  appoints  as  the  committee,  Mr. 
Hammer,  Mr.  C.  P.  Steinmetz,  Mr.  A.  E.  Kennelly,  Mr.  Edward 
Weston  and  Mr.  N.  W.  Perry. 

The  Secretary  made  some  announcements  respecting  invita- 
tions and  the  meeting  then  adjourned  until  the  following  day. 

Tuesday  evening  the  members  attended  an  informal  reception 
given  by  the  Engineers  and  Manufacturers  of  Philadelphia, 
under  the  auspices  of  the  "  Engineers'  Club  "  and  the  '•  Electrical 
Section  of  the  Franklin  Institute,"  at  the  Manufacturers'  Club. 
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SOME  STORAGE  BATTERY  PHENOMENA. 


BY   W.  W.  GEI80OM. 

It  was  with  great  hesitation  that  I  ventured  to  accept  your 
invitation  to  read  this  paper  before  a  body  of  distinguished  men, 
who  are  more  or  less  masters  of  their  own  time  and  have  devoted 
it,  and  dedicated  themselves,  to  science  and  research,  and  it  was 
finally  with  a  view  to  enlisting  your  interest  and  assistance  in  the 
fltorage  battery  problem  that  I  decided  to  lay  before  you  some  of 
the  phenomena  which  have  in  turn  baffled  and  instructed  me, 
occupied  my  thoughts,  and  kept  my  faith  from  flagging  during 
the  ordeal  through  which  the  storage  battery  interests  have 


The  study  of  a  complete  curve  of  discharge  of  a  storage  battery 
(Curve  III)  discloses  three  rather  sharply  defined  changes  in  p.  d., 
and  after  allowing  for  the  effect  of  internal  resistance,  we  find 
that  the  changes  are  those  of  the  e.  m.  f. 

What  is  the  reason  for  these  changes  ?  Which  plate  is  respon- 
sible for  them? 

A  microscopic  examination  of  the  negative  (spongy  lead)  plate, 
disclosed  metallic  lead  and  what  appeared  to  be  one,  or  possibly 
two  sulphates.  The  positive  (peroxide)  plate,  however,  showed 
spongiform  crystals  of  very  dark  color,  known  as  electrolytic 
peroxide;  other  comparatively  large  crystals  of  brilliant  red, 
probably  Frankland's  red  sulphate ;  others  of  yellow,  probably 
yellow  sulphate  ;  and  finally  the  better  known  white  sulphate  of 
lead. 

The  production  of  these  diverse  chemical  forms  must  be  at- 
tended by  production  of  diverse  potentials,  and  the  b.  m.  f.  of  the 
battery  is  possibly  a  resultant  with  one  or  more  chemical  reac- 
tions predominating  at  various  parts  of  the  charge  and  discharge. 
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GRISCOM  ON  THE  STORAGK  BATTERY. 


That  there  should  be  any  change  of  e.  m.  f.  during  the  charge 
or  discharge  of  the  battery,  shows  the  complexity  of  the  chemical 
actions,  and  as  the  changes  are  at  times  sudden,  and  at  times 
gradual,  uniform  and  invariable,  it  would  seem  to  point  to  the 
<5onception  that  the  e.  m.  f.  is  the  resultant  of  three  or  more  sets 
of  chemical  actions. 

The  material  on  tlie  charged  positive  plate  of  the  battery  is 
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Fig.  1. 


•commonly  called  peroxide  of  lead,  but  it  certainly  differs  from  it 
both  in  its  ability  to  generate  electromotive  force,  and  in  its  ap- 
pearance, and  Fitzgerald  has  pointed  out  that  its  composition 
corresponds  to  the  hydrated  peroxide  of  lead,  E^Ph^O^,  He 
further  intimates  that  a  higher  oxide  of  lead  may  be  present, 
such  as  perplumbic  acid,  H^Ph^Ori.  McLeod  has  told  us  how 
peroxide  of  hydrogen,  ozone,  and  persulphuric  acid  are  pro- 
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duced.  Then  there  are  the  two  new  sulphates  of  lead  and  the 
various  compounds  of  sulphuric  acid  and  water.  With  this  array 
of  chemical  products  to  assist  our  imagination,  the  wonderful 
curves  of  b.  m.  f.  of  a  storage  battery  on  charge  and  discharge  be- 
come comprehensible.  And  the  fact  observed  by  Gladstone  and 
Tribe  that  thirty-four  per  cent,  more  of  oxygen  was  absorbed  by 
the  positive  plate  than  could  be  accounted  for  by  the  production 
of  PbO^  becomes  explicable.  It  has  probably  been  used  in  con- 
verting HiPb^O^  into  IliPh^O^.  Their  suggestion  that  it  was 
absorbed  by  local  action  between  the  grid  and  the  peroxide  during 
charge  is  utterly  untenable.  There  is  no  such  action.  And  if 
there  were,  the  grid  would  not  last  through  a  dozen  charges. 

The  conversion  of  IliPh^O^  into  Il^Ph^Oq  would  account 
for  the  abnormal  rise  of  e.  m.  f.  at  the  end  of  charge,  and  if  it 
be  assumed  that  the  E^Ph^O^  is  not  stable,  but  yields  ozone 
gmdually,  thus  accoanting  for  the  odor  of  a  freshly  charged 
positive  plate,  it  would  account  for  the  steady  fall  of  e.  m.  f.  on  in- 
terrupting the  charging  current.  The  chemist  will  easily  seethe 
relation  between  these  reactions,  and  the  presence  of  peroxide  of 
hydrogen  and  the  continual  evolution  of  oxygen  from  the  posi- 
tive plate,  and  the  fact  that  a  charged  cell  gradually  loses  its 
charge,  maintaining  for  days  a  higher  temperature  than  the  air. 

I  am  sorry  that  the  time  allotted  me  for  the  preparation  of  this 
paper  did  not  admit  of  the  preparation  of  curves  showing  the 
differences  in  temperature  between  certain  plates  of  a  cell  and 
even  between  different  parts  of  the  same  plate.  Of  course  these 
changes,  many  of  them,  are  very  minute,  and  they  are  due  to  at 
least  two  causes,  viz.,  the  liberation  or  combination  of  sulphuric 
acid  on  tlie  one  hand,  and  G^  R  on  the  other. 

In  order  to  study  the  progressive  changes  on  either  plates  and 
to  plot  them  out  in  a  curve,  it  is  merely  necessary  to  choose  fu 
substance  which  produces  a  measurable  electromotive  force  with 
the  plates,  independently  of  the  electromotive  force  which  is 
being  produced  by  the  two  plates  appertaining  to  the  battery,  but 
this  substance  must  be  one  which  is  neither  modified  by  the 
electrolyte  nor  by  the  minute  current  which  it  is  required  to 
produce  for  the  voltmeter.  The  last  is  of  more  consequence 
than  is  generally  understood,  as  a  storage  battery  which  has  been 
over-discharged  and  which  has  been  allowed  to  recuperate  will, 
even  if  it  be  of  large  size,  say  of  350  ampere  hours  capacity,  pro- 
duce a  deflection  on  a  Weston  voltmeter  (of  about  300  ohms),. 
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which  at  first  may  be  1  75-100  volts  and  which  will  immediately 
begin  to  fall  with  a  velocity  quite  appreciable  to  the  eye.  Many 
substances  have  been  tried  for  such  a  test  plate,  as  for  example, 
zinc,  carbon,  platinum  and  copper,  but  nothing  seems  to  be  better 
than  a  well  charged  Faure  or  Plante  couple  of  considerable 
dimensions.  The  use  of  such  plates  was  first  published  by  Mr. 
Crompton,  although  they  have  been  used  for  years  in  my  labor- 
atories, and  give  concordant  results. 

It  might  be  desirable,  but  it  is  not  necessary  to  ascertain  ac- 
curately the  exact  fraction  of  the  total  e.  m.  f  which  is  due  to 
the  plate  under  test.  It  is  important,  however,  to  know  the  rate 
of  its  change  of  e.  m.  f.  while  the  cell  of  which  it  forms  an  indi- 
vidual part  is  discharging  or  charging. 

Referring  to  the  Curve  III  entitled  Plante  Cell,  it  will  be  ob- 
served that  the  negative  plate  maintains  a  nearly  horizontal  line, 
until  the  p.  d.  of  the  couple  on  discharge  has  fallen  to  1.9  volts, 
while  the  positive  plate  maintains  a  curve  almost  parallel  to  that 
of  the  cell,  showing  that  the  characteristic  curve  on  discharge  of  a 
storage  battery  with  plates  of  nearly  equal  capacity  is  due  mainly 
to  the  reaction  in  the  positive  plate. 

At  the  end  of  the  charge,  however,  the  characteristic  curve  of 
E.  M.  F.  is  due  to  the  negative,  the  rapid  rise  of  its  curve  being 
nearly  parallel  to  that  of  tlie  battery,  w^hile  tlie  rise  of  poten- 
tial of  the  positive  is  nearly  a  straight  line,  which,  however,  is 
gradually  rising. 

It  should  be  noted  that  this  curve  is  the  time  e.  m.  f.  and  is 
not  dependent  on  the  internal  resistance  of  the  cell,  which  reaches 
the  maximum  shortly  after  the  14th  hour  in  this  case,  and  re- 
mains quite  constant  during  the  remaining  seven  hours  of  the 
charge.  But  while  the  e.  m.  f.  is  not  dependent  on  the  internal 
resistance,  the  sudden  changes  in  each  curve  are  usually  simul- 
taneous, indicating  a  common  cause. 

It  may  be  considered  proven,  therefore,  that  in  a  storage  bat- 
tery with  plates  of  nearly  equal  capacity,  the  changes  in  the 
positive  plate  determine  the  characteristic  curves  of  potential  on 
discharge,  and  that  the  changes  in  the  negative  plate  determine 
the  characteristic  curves  of  potential  at  the  end  of  the  charge. 

A  curious  feature  in  charge  is  the  intersecting  of  the  curves 
of  the  positive  and  negative  plate  at  several  points.  At  the 
beginning  of  charge  (Curve  III)  the  two  plates  are  at  nearly  the 
same  potential, — the  positive  potential  rises  rapidly  until  it  reaches 


306  QRISCOM  ON  THE  STORAGE  BATTERY.  [May  16, 

2.22  volts,  when  it  begins  to  rise  in  a  straight  line  strictly  pro- 
portional to  time.  The  negative  on  the  other  hand  rises  grad- 
ually until  it  reaches  2.18  volts,  then  it  rises  rapidly,  intersecting 
the  positive  curve  in  14^  hours  and  at  2.24  volts,  and  continuing 
to  rise  until  it  reaches  2.40  volts  in  Ifif  hours,  whereafter  it  re- 
mains constant  for  the  five  hours  which  the  positive  requires  to 
reach  the  same  potential. 

To  trace  the  history  of  a  negative  during  discharge,  {vi/Ie 
Curve  I)  it  fell  in  five  minutes  .135  volts,  in  the  next  six  hours. 
.035  volts,  in  the  following  hour  .250  volts  and  in  15  minutes 
more,  1.500  volts,  showing  less  capacity  than  the  positive  plate. 
In  half  an  hour  after  stopping  discharge  it  recovered  to  1.9  volts — 
jumping  instantly  on  charge  to  2.08  volts,  and  in  12  hours  of 
charge  arose  only  .05  volt.  Of  course  the  rate  will  not  modify 
the  general  characteristics  of  the  curve. 

Within  the  working  limits  of  charge  or  discharge,  the  nega- 
tive did  not  Vary  over  2  per  cent,  of  potential  difference. 

The  history  of  the  positive  in  this  curve  is  not  so  satisfactory. 
Falling  rapidly  to  2.(»4  in  ten  minutes  it  fell  thereafter  in  a 
gradual  curve  .115  volt  during  the  normal  time  of  discharge,  a 
fluctuation  of  about  6  per  cent.  Ultimately  the  positive  shows 
more  capacity  than  the  negative. 

The  total  fluctuation  of  the  cell  during  the  six  hours  after  the 
first  five  minutes  was  0  per  cent,  in  discharge  down  to  1.9  volts. 
This  was  the  fluctuation  of  the  p.  d.,  that  is  to  say  it  was  the 
fluctuation  which  would  be  noticeable  to  the  engineer  in  practi- 
cal service  and  included  all  changes  due  to  internal  resistance. 

The  usual  construction  of  storage  batteries — all  the  plates  of 
one  name  being  permanently  fastened  to  one  heavy  conductor — 
has  heretofore  interfered  with  the  study  of  the  individual  plates 
of  a  cell.  To  the  end,  therefore,  of  facilitating  this  investigation, 
the  author  constructed  some  cells  with  independent  plates,  con- 
necting all  those  of  one  name  to  a  common  mercury  trough, 
either  directly  or  through  intermediate  resistances  as  in  Figure  1 . 

The  resistances  were  made  such,  that  one  ampere  would  give  ten 
divisions  on  a  dead  beat  galvanometer,  and  as  each  division  could 
be  divided  by  the  eye  into  tenths,  the  current  passing  could  be 
read  within  one-hundredth  of  an  ampere.  An  independent 
ammeter  and  an  adjustable  mercury  resistance  were  inserted  and 
the  total  current  kept  constant.  The  cells  tested  in  this  way 
were  of  three  types.     The  pasted  cell  of  the  Accumulator  com- 
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pany,  the  chloride  cell  and  the  Plants  cell.  The  object  in  testing 
a  chloride  cell  was  to  ascertain  whether  the  exceedingly  good 
contact  (produced  by  casting  the  grid  around  the  active  material 
while  the  latter  was  hard,  and  allowing  the  molten  metal  to  con- 
tract upon  it)  would  operate  to  lessen  the  somewhat  remarkable 
variations  in  the  behavior  of  all  storage  battery  plates,  but  this 
was  not  the  case.  Neither  was  there  any  marked  difference  in 
the  behavior  of  the  Plants  cell. 

The  following  characteristic  readings  were  obtained  from  the 
three  types  of  cells  at  their  normal  discharging  rates : — 

PLANTE  CELL. 


I  HOUR 

2  HOURS 

3  HOURS 

6  HOURS 

AT  START. 

AFTER 

AFTER 

AFTER 

AFTER 

START. 

START. 

START. 

START. 

Amp. 

Volts. 

Amp. 

Volts. 

Amp. 

Volts. 

Amp. 

Volts. 

Amp. 

Volts. 

, 

4-73 

2.00 

4.73 

1.995 

4.72 

1.99 

4.70 

1.96s 

4.67 

1.90 

2 

4.7a 

4.73 

4.7» 

«-7i 

4.64 

3 

471 

4.7« 

4.70 

470 

4.7a 

4 

4.69 

«-95 

4-7t 

1.99 

4.70 

1.985 

4.69 

1-955 

4.67 

\ts 

5 

4-7« 

4.70 

4.69 

4.63 

4.4a 

0 

4.73 

4.74 

4.7a 

J:g 

4.91 

7 

4.75 

2.005 

4.77 

2.003 

4.74 

1-995 

1.985 

496 

1.956 

CHLORIDE  CELL. 


- 

AT  START. 

1  HOUR 
AFTER 
START. 

3  HOURS 
AFTER 
START. 

4  HOURS. 
AFTER 
START. 

6  HOURS 
AFTER 
START. 

8  HOURS 
AFTER 
START. 

Amp. 

Volts. 

Amp. 

Volts. 

Amp. 

Volts. 

Amp. 

Volts. 

Amp. 

Volts. 

Amp. 

Volts. 

5.30 
5^3 
5.40 
5.43 
5.70 

9.065 

3.035 
2.045 

3.035 
2.035 

2.04s 
2.03 

3.05s 

2.02 

5.75 
5.40 
5.35 
5.40 
5.6s 

2.01 
2.04 

2.015 
2.03 

2.02 
2.08 

2.03 
2.015 

1.99 
1.935 

5.75 
5.45 
5.35 
S.40 
5-70 

1.94 
2.00 

1.965 
1.98 

1-975 
1.96 

1-965 

1.99 
'■935 

5.80 
5.40 
5.30 
5.40 
5.70 

1.90 
1.965 

1-935 
X.94 

'94 
1.95 

1-955 
X.93 

5-80 
5-45 
5.35 
5.40 
5.55 

1.86 
1.88 

1.865 
1.87 

1.88 
1.86 

1.86 
1.66 

5.60 
5.80 
5-80 
5.85 
3.60 

1.80 
1,78 

X.80 
1.81 

1.80 
x.80 

1.80 
1.64 

1.56 
1.26 

1 
2 

a 
3 

3 

4 

4 
5 

1 
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PASTED  CELL. 


AT  START. 

8  HOURS  AFTER  START. 

Amperes.                         Volts. 

Amperes. 

Volts. 

6.00                               2-035 
5-93               i               2025 
5.90               1               2024 
5.89               1               2.021 
S.Q2                               2.025 
5.9»                               »•« 
5.95                               2.oaa 

6.00 

6.i»s 

6.05 

6.025 

5.85 

6.10 

1.77 
••79 
1.70S 

1.78 
1-74 
1.80 

The  curious  phenomenon  was  presented  of  variations  of  cur- 
rent amounting  to  30  per  cent,  in  plates  manufactured  rigorously 
alike,  kept  in  parallel  and  subjected  to  like  treatment  during 
their  previous  life.  In  cases  where  the  discharge  is  pushed  below 
1.8  volts  I  have  observed  even  more  serious  diflFerences  amount- 
ing to  a  variation  of  about  225  per  cent.,  one  reading  being  2.8 
amperes,  another  6.4  amperes  for  perfectly  good  new  plates 
carefuDy  treated. 

And  perhaps  a  still  more  curious  fact  was  the  differences  of  k. 
M.  F.  of  the  plates  in  the  same  cell  discharging  through  equal 
resistances  and  connected  finally  in  parallel  to  the  same  circuit — 
the  B.  M.  F.  ranging  from  1.60  volts  to  1.85  volts  for  neighboring 
plates  in  parallel  in  the  same  cell,  at  the  same  time.  On  inter- 
rupting the  circuit  at  the  end  of  the  discharge  of  a  cell,  a  consid- 
erable flow  of  current  as  might  be  expected  passed  from  one 
plate  into  another  and  it  was  hours  before  the  batteries  reached 
equilibrium  after  the  external  circuit  was  open. 

The  discharge  of  one  positive  into  its  neighbor,  was  a  rather 
unexpected  result.  It  bad  been  thought  that  if  one  plate  had 
less  capacity  than  its  neighbor  it  would  simply  stop  discharging 
at  a  certain  point,  but  that  its  e.  m.  f.  would  always  be  equal  to 
that  of  its  neighbors  and  that  therefore,  no  current  would  flow. 

The  explanation  of  the  phenomenon  appears  to  be  that  the 
deficient  plate  keeps  on  discharging  at  a  lower  rate  than  the  per- 
fect plate,  and  finally  reaches  a  much  lower  point  of  discharge. 
On  interrupting  the  current,  the  plate  which  has  not  been  dis- 
charged so  far,  rapidly  recovers  a  higher  voltage  than  its  neighbor 
and.  therefore,  discharges  into  it. 

This  effect  must  also  take  place  in  the  different  parts  of  any 
one  plate,  and  may  be  a  cause  for  the  formation  of  peroxide  on 
the  surface  of  a  negative  plate  after  a  discharge,  a  phenomenon 
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which  I  have  never  noticed,  but  which  has  been  remarked  by 
too  many  observers  to  be  ignored. 

The  two  outside  negatives  give  more  than  their  proportional 
amount  of  current  on  discharge,  the  current  being  actually  less 
than  on  the  other  plates,  the  potential  remains  higher,  and  the 
discharge  is  therefore  a  little  greater.  This,  in  turn  affects  the 
positives  next  to  them  and  these  positives  are  usually  the  first  to 
disintegrate  in  a  carefully  used  cell.  This  fact  was  most  notice- 
able in  batteries  used  on  the  Eckington  and  Soldiers'  Home 
Railway  at  Washington,  where  out  of  45,000  positive  plates, 
there  did  not  occur  a  single  instance  of  buckling,  and  yet  the 
outside  positives  always  showed  'greater  disintegration  than  the 
others. 

The  tendency  of  one  part  of  a  plate  or  one  portion  of  peroxide 
to  discharge  faster  or  slower  than  its  neighbor,  is  one  of  the 
reasons  which  induced  us  to  adopt  the  equi-potential  methods  of 
connecting  up  the  several  plates  of  the  storage  battery.  It  is  to 
be  noted  that  these  phenomena  occur  to  a  serious  extent  only 
when  the  batteries  are  discharged  below  1.96  volts  of  potential 
difference  per  cell. 

The  above  tables  afford  the  most  complete  proof  of  the  irregu- 
larity of  the  chemical  actions  which  produce  the  electromotive 
force  of  the  battery.  Now  one  plate  is  giving  current,  now 
another.  And  most  remarkable  of  all,  the  different  sides  of  the 
same  plate  exhibit  differences  of  potential  at  their  terminals 
which  I  can  only  attribute  to  differences  of  internal  resistance, 
both  in  the  electrolyte  within  the  plates  and  in  the  porous 
.active  material  itself. 

The  active  material  during  charge  and  discharge  is  undergoing 
chemical  change  irregularly,  not  merely  in  the  different  plates, 
but  in  the  different  sides  of  the  same  plates,  and  as  the  active 
material  is  made  up  of  large  numbers  of  little  pellets  isolated 
from  one  another  by  the  grid,  the  conclusion  seems  inevitable 
that  one  side  of  a  given  pellet  is  active  to  a  different  degree  from 
the  other  side.  It  is  not  necessary  to  conceive  that  the  e.  m.  f. 
generated  on  one  side  of  a  pellet  is  as  different  from  the  e.  m.  f. 
of  the  other  side  as  would  be  indicated  by  the  potential  differ- 
ence at  the  plate  terminals.  The  more  reasonable  conception 
appears  to  be  that  the  internal  resistance  of  one  side  of  a  pellet 
is  sometimes  greater,  sometimes  less  than  that  of  the  other  side, 
varying  with  the  unequal  chemical  action.     But  I  cannot  escape 
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the  coDclasioQ  that  there  must  be  some  real  difierence  of  poten- 
tial and  consequently  local  action — not  merely  between  the  parts 
of  the  grid,  but  between  opposite  sides  of  the  same  pellet  or 
paste.  This  would  account  for  the  fact  observed  by  Ayrton  that 
a  working  cell  is  always  above  the  temperature  of  the  air — even 
when  its  own  temperature  is  falling  in  discharge. 

In  1890  Prof.  Ayrton  in  his  most  valuable  contributions  to 
storage  battery  literature  independently  noticed  the  fall  of  tem- 
perature in  a  discharging  cell,  and  published  a  curve  which  is 
reproduced  in  Fig.  2. 
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The  explanation  for  at  least  a  part  of  this  phenomenon  is  sim- 
ple. If,  as  we  all  know,  the  addition  of  sulphuric  acid  to  water 
raises  the  temperature,  it  is  natural  to  infer  tlmt  the  removal  of 
the  acid  from  the  water  will  lower  the  temperature.  The  former 
occurs  on  charge,  the  latter  on  discharge. 

This  fall  of  temperature  on  discharge  was  first  brought  to  my 
attention  in  1887,  when  some  of  the  cells  of  the  Julien  cars  on 
Fourth  Avenue,  New  York  City,  were  reported  to  heat  unduly, 
and  the  explanation  offered  was,  that  they  were  called  on  for 
increased  currents  on  certain  grades  with  unfavorable  conditions 
of  the  tracks.     As  some  of  the  cells  did  not  heat  I  was  not  satis- 
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fied  with  the  explanation,  especially  as  the  resistance  of  the  cells, 
about  .002  ohms,  would  only  account  for  about  IJ  heat  units 
even  on  100  amperes  discharge  which  the  cells  produced  at 
moments.  I  then  investigated  the  question  and  found  that  the 
temperature  actually  fell  even  with  heavy  current,  when  the 
cells  were  in  good  order. 

The  potential  of  a  cell  is  partly  due  to  the  degree  of  charge  of 
the  positive,  and  partly  to  that  of  the  negative,  and  partly  to  the 
electrolyte.  If  a  negative  plate,  taken  from  a  fully  charged 
cell  indicating  say  2.65  volts  on  the  normal  charging  current,  is 
coupled  with  a  positive  from  a  partly  discharged  cell,  indicating 
say  1.9  volts  on  its  normal  discharge  current,  the  e.  m.  f.  of  the 
combination  will  lie  between  the  two.  If  the  couple  be  removed 
to  a  stronger  or  weaker  electrolyte,  the  e.  m.  f.  will  rise  or  fall 
accordingly.  So  that  a  measurement  of  the  p.  d.  at  the  terminals 
of  the  cell  is  not  an  infallible  indication  of  its  condition  of 
charge.  If  both  plates  are  equally  charged,  the  indication  is 
most  useful,  but  when  as  frequently  happens  in  actual  service, 
one  plate  is  further  discharged  than  the  other  the  p.  d.  is 
deceptive. 

The  variations  of  specific  gravity  of  the  electrolyte  are  practi- 
cally proportional  to  the  ampere  hours  of  useful  charge  or 
discharge — barring  local  action,  short-circuiting,  change  of  tem- 
perature, and  a  gradual  sulphating  of  discharged  positives  when 
idle. 

The  variations  of  the  internal  resistance  of  a  cell  affords 
a  valuable  indication  of  the  condition  of  its  active  material, 
and  therefore  of  its  degree  of  charge.  These  variations 
have  been  attributed  to  the  varying  porosity  of  the  active 
material — the  electrolyte  becoming  more  and  more  excluded  as 
the  pores  become  clogged.  But  this  explanation  does  not  account 
for  the  odd  but  invariable  nature  of  the  characteristic  curves  of 
the  internal  resistance.  If  this  were  the  true  explanation,  why 
does  the  curve  fall  rapidly  in  the  early  part  of  the  discharge 
instead  of  rising  ?  Why  should  it  remain  constant  for  the  greater 
part  of  the  useful  discharge?  Why  should  it  suddenly  rise  to  a 
great  degree,  and  then  fall  in  the  middle  of  a  prolonged  charge  ? 
Why  is  the  internal  resistance  less,  instead  of  more,  on  a  higher 
rate  of  discharge  ?  These  facts  are  not  easily  reconcilable  with 
the  clogging  theory,  and  our  knowledge  of  the  chemical  reaction 
is  not  sufficient  as  yet  to  afford  a  convincing  explanation. 
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Experience  shows  that  it  adds  greatly  to  the  life  of  a  cell,  and 
brings  other  advantages  to  stop  the  charge  at  between  2.3  and 
2.45  volts,  and  to  stop  the  discharge  at  1.90  or  1.95  volts,  while 
a  comparison  of  the  accompanying  curves  of  a  cell  will  show  that 
these  ix>tentials  are  reached  shortly  before,  or  during  a  sudden 
rise  of  the  internal  resistance. 

A  very  curious  misapprehension  prevails  among  some  battery 
people  (in  spite  of  the  airing  the  subject  has  again  and  again 
received)  to  the  eflFect  that  the  negative  plate  has  more  capacity 
than  the  positive.  If  a  cell  be  discharged  at  a  high  rate  to  1.85 
volts  for  (Bxample,  the  positive  plate  will  show  a  much  lower 
potential  than  the  negative,  and  might  therefore  be  deemed  to  be 
more  discharged.  If  then  the  negative  element  be  transferred 
to  a  freshly  charged  positive  element,  the  negative  will  usually 
show  a  considerable  additional  capacity  and  this  has  been  cited 
as  a  proof  of  the  erroneous  statement.  But  if  the  positive  be 
similarly  treated,  it  usually  shows  considerably  greater  capacity 
than  the  negative.  This  is  especially  the  case  with  the  Faure 
cell  in  Curve  la  in  which  the  positive  actually  has  25  per 
cent,  more  volume  of  active  material  than  the  negative,  and 
shows  45  per  cent,  more  capacity ;  and  is  even  so  on  a  Plants 
negative  which  has  as  much  active  material  as  the  positive,  and 
\  et  the  latter  has  nearly  10  per  cent,  more  capacity. 

The  positive  plate  is  usually  made  of  greater  capacity  than  the 
negative  in  order  to  prevent  it  from  ever  becoming  discharged, 
to  allow  for  its  gradual  loss  of  active  material,  but  there  are 
grounds  for  doubting  the  propriety  of  so  doing.  A  negative 
plate  ought  never  to  be  discharged  so  far  as  to  drop  after  the 
first  ten  minutes,  more  than  1  or  2  per  cent,  in  voltage,  yet  the 
temptation  to  do  so  with  45  per  cent,  excess  of  capacity  in  the 
positive  is  very  great — with  the  result  of  causing  shrinkage  of 
the  negative  paste  and  a  serious  loss  of  capacity  in  the  cell. 

There  is  another  action  which  goes  on  in  storage  batteries  and 
presumably  in  other  forms  of  electrolyte  chemistry,  which  1  have 
not  seen  explained,  nor  in  fact  described. 

When  the  chemical  reactions  in  an  electrolytic  cell  are  simple, 
as  for  example,  decomposing  sulphate  of  copper  or  sulphate  of 
zinc,  the  amount  of  action  is  proportional  to  the  ampere  hours. 
But  when  the  possible  chemical  reactions  are  complex  as  in  a 
storage  battery,  the  changes  are  governed  by  the  potential  differ- 
ence as  well  as  by  the  current,  probably  because  one  of  the  com- 
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ponents  requires  a  different  electromotive  force  to  break  it  up 
from  that  required  by  another.  A  curious  result  ensues.  Per- 
haps the  current  governs  the  amount  of  chemical  action  and  the 
potential  the  kind.  Our  factory  department  reports  that  if  a  plate 
pasted  with  red  oxide  of  lead  is  opposed  to  a  plain  lead  grid  in  a 
"  forming  "  bath,  the  formation  of  peroxide  proceeds  evenly  and 
uniformly  in  the  well  known  way.  If  it  be  opposed  to  a  pasted 
negative  the  same  result  follows.  But  if  it  be  opposed  by 
another  positive  plate,  a  different  action  ensues,  and  the  unformed 
plate  cannot  be  properly  converted  to  peroxide  until  the  other 
positive  has  been  completely  reversed,  and  converted  into  a 
negative,  thus  raising  the  potential  difference  of  the  cell.  In 
the  Curve  II  it  will  be  noted  that  at  the  time  the  potential 
of  the  piles  suddenly  rises,  due  to  the  sudden  increase  of  the 
potential  of  the  negative  plate,  there  is  at  the  same  time  a  sudden 
increase  of  the  internal  resistance  of  that  plate.  This  is,  how- 
ever, accompanied  by  a  sudden  and  apparently  sympathetic 
perturbation  of  the  internal  resistance  of  the  positive  plate,  show- 
ing that  some  chemical  change  occurred  in  it,  quite  different 
from  the  usual  action.  This  perturbation  ceased  as  soon  as  the 
negative  potential  ceased  to  rise. 

The  purple  color  which  is  frequently  observed  in  the  vicinity 
of  the  peroxide  plate  has  been  variously  attributed  to  the  presence 
of  gold,  iron,  manganese,  etc.  But  as  the  phenomenon  is  observed 
anywhere  and  everywhere  on  the  face  of  the  globe,  now  in  one 
cell,  now  in  another,  it  seems  more  likely  to  be  some  unusual 
form  of  lead.  The  persulphide  of  lead  is  purple,  and  it  may 
even  be  that  the  unstable  elusive  per-plumbic  acid — if  it  really 
exists  at  all — is  the  source  of  the  evanescent  but  beautiful  tint. 
A  freshly  charged  plate  has  a  purplish  slate  color,  very  different 
from  one  that  has  been  idle  for  a  long  while. 

There  are  two  other  phenomena  to  which  I  will  refer  briefly 
in  the  hope  that  some  members  may  be  able  to  throw  some  light 
on  their  cause,  viz  :  The  sudden  spontaneous  discharge  of  a  fully 
charged  positive  and  the  tendency  to  buckle  away  from  the  light, 
i.  e,  with  a  concave  face  toward  the  light.  Wherever  the  ten- 
dency to  buckle  is  great,  as  in  treating  Plant6  plates  in  some  of 
the  more  rapid  methods,  I  have  observed  that  when  a  single 
positive  is  suspended  freely  a  great  distance  from  a  negative  in 
the  center  of  a  large  jar,  the  buckling  is  invariably  away  from 
sun  light.     The  plate  may  be  turned  around,  it  may  be  moved 
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quite  close  to  one  negative  or  the  other,  yet  the  buckling  repeats 
itself  invariably  from  the  light.  The  plate  may  be  straightened 
as  you  will,  it  may  be  left  with  a  slight  curve  in  the  other  direc- 
tion, yet  neither  the  natural  differences  of  tension  in  the  two 
sides  of  the  plate,  nor  the  increase  or  diminution  of  electrolytic 
action  on  either  side  has  any  influence  in  buckling  compared, 
apparently  with  the  action  of  direct  sunlight. 

It  will  be  remembered  that  Prof.  Ayrton  in  one  of  his  valuable 
contributions  to  storage  battery  literature,  commented  on  the 
theory  of  Mr.  Crompton  regarding  the  effect  of  light  on  the  sul- 
phating  of  the  negative  plate,  and  detailed  an  interesting  experi- 
ment which  although  not  conclusive,  tended  rather  to  confute 
this  theory.  Sir  David  Salomons  remarked  upon  the  effect  of 
light  on  the  glass  cells  causing  them,  he  said,  to  crack.  Alto- 
gether it  would  seem  that  storage  batteries  are  devices  which 
engineers  would  do  well  to  keep  in  the  dark. 

The  automatic  discharge  of  the  positive  plate  is  a  compara- 
tively rare  phenomenon.  In  my  experience  I  have  secured 
accurate  data  in  only  three  instances.  I  am  under  the  impres- 
sion that  Sir  David  Salomons,  when  by  his  courtesy  I  was 
enabled  to  examine  his  splendid  private  plant  in  1886,  mentioned 
this  phenomenon,  but  1  do  not  And  it  described  in  his  book,  and 
as  it  may  not  have  recurred  in  his  experience  he  may  have  felt 
some  hesitancy  in  publishing  it. 

On  one  occasion  a  cell  was  reversed  experimentally,  and  the 
reversing  charge  continued  until  470  ampere  hours  or  three 
times  the  normal  capacity  of  the  cell  had  been  passed  through  it 
The  potential  attained  2.41  volts  on  a  low  charging  rate.  The 
positive  had  the  healthy  dark  color  of  electrolytic  peroxide  of 
lead  and  was  freely  gassing,  showing  that  it  was  as  fully  charged 
as  possible.  The  charging  current  was  interrupted  and  the  e.  m. 
F.  fell  gradually  to  2.12  volts  in  a  perfectly  normal  way.  In  35 
minutes  a  curious  seething  sound  attracted  my  attention  to  the 
battery,  and  I  found  it  in  a  state  of  violent,  almost  explosive 
ebullition.  The  gas  given  off  was  pure  oxygen  in  immense 
quantities.  The  temperature  at  the  bottom  of  the  cell  had  risen 
from  68°  F.  to  85°  F.  and  at  the  top  of  the  cell  it  reached  109° 
F.  Fifteen  minutes  later  the  cell  was  quiescent,  the  voltage  had 
fallen  to  .24  and  the  specific  gravity  from  1.157  to  1.123, — the 
lowest  point  which  it  had  reached  470  ampere  hours  before. 
Two  or  three  days  later  the  e.  m.  f.  was  zero. 
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During  the  progress  of  the  phenomenon  and  afterwards,  the 
cell  was  examined  carefully  with  the  most  minute  care  for  any 
defect,  short-circuit,  or  other  irregularity  and  it  was  found  to  be 
in  perfect  order.  A  further  charge  of  876  ampere  hours  or 
about  six  times  the  normal  capacity  was  given  at  a  normal  rate. 
On  this  charge  as  well  as  on  the  first  reversal  charge  another 
curious  effect  was  observed — the  voltage  rose  in  15  minutes  from 
zero  to  0.18,  in  one  minute  more  it  jumped  to  2.63.  It  then 
gradually  fell  to  2.0J  in  about  7  hours  and  thereafter  gradually 
rose  to  2.48.  The  discharge  was  normal  to  148  ampere  hours 
and  presented  a  peculiarity  of  a  fnlly  charged  cell,  that  is  to  say, 
thoE.  M.  F.  fell  in  two  minutes  from  2.05  on  30  amperes  to  1.935 
and  then  rose  in  a  few  minutes  more  to  1.94  volts,  and  then 
gradually  fell  the  usual  way. 

Here,  then,is  the  story  of  a  complete  automatic  discharge  of  posi- 
tive plates  from  the  beginning  of  the  preceding  charge  to  the  end  of 
the  following  normal  discharge.  Was  it  because  the  peroxide  formed 
only  to  a  certain  depth  in  a  spongy  lead  and  so  densely  as  to 
exclude  the  electrolytes  for  a  time,  so  that  when  the  liquid  at  last 
penetrated  the  spongy  lead  a  violent  local  action  ensued  ?  This 
would  account  for  the  heat,  and  for  the  fall  of  potential  and 
of  specific  gravity,  but  would  it  account  for  the  liberation  of 
immense  volumes  of  oxygen?  I  have  frequently  noticed  the 
presence  of  considerable  quantities  of  peroxide  of  hydrogen  in 
electrolytes.  Gladstone  and  Tribe  have  also  remarked  this  sub- 
stance, but  intimate  that  they  found  it  in  minute  quantities  only. 
Jn  some  cases,  however,  1  have  observed  it  in  very  considerable 
amounts.  Is  it  possible  that  this  substance  was  present  and  exer- 
cised its  well  known  property  of  liberating'  one  atom  of  oxygen 
from  peroxide  of  lead,and  another  atom  of  its  own  oxygen  at  the 
same  time?  This  would  account  for  all  the  phenomena,  but  what 
accounts  for  the  peroxide  of  hydrogen  in  such  an  enormous 
amount,  and  why  does  it  not  always  discharge  oxygen  from  the 
peroxide  ?  And  finally  is  it  possible  that  the  continuous  evolu- 
tion of  oxygen  on  the  positive  plate  while  the  cell  is  idle  is  some- 
times due  to  the  presence  of  peroxide  of  hydrogen  in  minute 
amoimts,  and  not  merely  to  what  has  been  called  local  action. 
I  trust  some  of  the  gentlemen  present  will  enlighten  us  on  this 
point. 

Perhaps  the  most  striking  peculiarity  about  the  modern  storage 
battery  is  the  diversity  of  opinion  among  professional  electricians, 
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as  to  its  utility  and  commercial  value.  Men  of  the  highest  rank 
as  electricians  and  engineers,  are  ranged  on  either  side  of  the 
question.  Men  of  affairs  who  have  put  them  to  a  commercial 
test  exhibit  a  like  divergence  of  views.  Men  who  have  tried  the 
storage  battery  for  a  year  or  two,  have  written  about  it  in  the 
most  flattering  terms,  and  have  discarded  it  later.  Men  who 
have  used  accumulators  ever  since  their  introduction  when  they 
were  much  less  efficient  machines  than  now,  continue  to  use 
them,  and  would  under  no  circumstances  be  induced  to  part  with 
them.  Unmitigated  praise  on  the  one  hand,  and  unmitigated 
contempt  on  the  other.  Broadly  stated  the  European  consensus 
of  opinion,  both  technical  and  commercial,  may  be  said  to  be  in 
favor  of  storage  batteries.  The  American  view  until  now  has 
been  mainly  the  opposite.  What  is  the  ground  for  this  wide 
discrepancy  ?  Why  is  cautious  conservative  Europe  so  far  ahead 
in  the  race  ?     Why  is  America  a  laggard  in  the  running  ? 

The  answer  is  not  far  to  seek.  Storage  batteries  are  almost 
always  an  economical  success  abroad,  while  here  they  have  been 
too  often  an  economical  failure  in  the  past.  And  the  reason  is 
that  the  Europeans  always  demand  a  margin  for  safety,  while  the 
Americans,  with  less  capital  and  keener  competition,  are  tempted 
to  sail  too  close  to  the  wind. 

A  storage  battery  continually  worked  to  its  commercial  rating 
is  a  commercial  failure.  A  storage  battery  worked  sufficiently 
within  its  capacity  is  invariably  a  commercial  success. 

It  has  been  said  of  Watt  that  he  pursued  careful  and  exhaust- 
ive experiments  upon  the  power  of  horses  for  all  day  work,  and 
that  he  ascertained  that  the  average  power  which  they  could 
maintain  for  ten  hours  was  22,000  foot  pounds  per  minute,  but 
in  rating  his  engine  he  added  50  per  cent,  and  called  the  horse 
power  33,000  foot  pounds  per  minute,  so  as  to  make  his  new 
pumping  devices  more  than  satisfactory  substitutes  for  horses. 
Would  that  storage  battery  people  had  been  equally  wise. 

A  battery's  discharge  should  be  stopped  after  its  e.  m.  f.  has 
fallen  to  2  volts  or  at  furthest  to  1.9,  unless  it  be  desirable  to 
draw  upon  its  reserve.     It  should  be  understood  that  a  full  dis- 
charge, that  is,  to  1.8  volts  is  working  a  battery  to  the  danger 
limit  and  is  unadvisable  for  the  following  reasons  : 
a.  Kegulation  is  troublesome. 
h.  Efficiency  is  low. 
6'.  Dangerous  molecular  changes  take  place   (as   indicated   by 
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changes  of  internal  resistance  and  changes  of  electromotive 
force  as  well  as  occasional  buckling.) 

d.  Uneven  plates  discharge  into  one  another  after  the  circuit  is 

interrupted. 

e.  The  life  of  the  battery  is  diminished. 

The  writer  has  had  occasion  to  watch  with  the  closest  scrutiny 
a  considerable  number  of  plants,  aggregating  perhaps  some 
millions  of  plates.  These  batteries  were  rated  like  all  reputable 
makes,  well  within  their  capacity  in  ampere  hours  measured  by 
charging  the  battery  to  about  2.65  volts,  and  then  discharging  it 
until  the  potential  diflference  was  1.8  volts  per  cell.  Some  bat- 
teries have  been  spoiled  by  bad  management  and  neglect,  and 
some  by  false  economy  or  bad  engineering  at  the  very  start ;  by 
eliminating  these,  there  remain  a  very  large  number  which  were 
successful  or  were  failures  for  no  apparent  reason.  The  utmost 
care  was  exercised  at  the  factory.  The  constituent  materials 
were  analyzed  as  soon  as  purchased.  Able  engineers  watched 
the  processes  of  manufacture,  but  while  the  quality  of  the  bat- 
tery was  improved  until  no  flaw,  mechanical,  electrical  or  chem- 
ical seemed  to  remain,  still  an  occasional  failure  occcured  in 
actual  practice  and  the  cause  eluded  our  search. 

Finally  by  classifying  the  failures  and  successes,  the  truth 
dawned  upon  us.  Wherever  the  battery  was  exhausted  to  its 
full  capacity  daily,  its  life  did  not  exceed  500  discharges,  but 
wherever  it  was  worked  within  two-thirds  of  its  capacity,  com- 
plaints were  unknown. 

Exhaustive  tests  were  undertaken  and  some  curious  phenomena 
heretofore  unknown  to  the  writer,  were  disclosed,  and  after  some 
hesitation  he  concluded  that  they  might  be  of  interest  to  this 
society. 

It  is  natural  to  ask  why  the  rating  should  not  be  changed  so 
that  the  owner  of  the  battery  would  not  be  tempted  to  work  it  to 
the  danger  limit.  It  ought  to  be  done,  but  in  these  days  of  close 
commercial  figuring  it  would  be  difficult  to  sell  a  battery  which 
appeared  castef^is  parihicSy  to  cost  50  per  cent,  more  than  its  com- 
petitors. However,  the  present  rating  is  strictly  accurate  and 
has  the  sanction  of  custom  the  world  over.  It  is  only  necessary 
for  the  engineer  to  remember  to  add  50  per  cent,  of  the  capacity 
as  a  factor  of  safety  to  his  maximum  load,  just  as  he  allows 
several  hundred  per  cent,  in  calculating  the  strength  of  a  bridge, 
or  an  axle. 
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This  additional  amount  is  not  a  dead  loss  in  investment.  It 
produces  many  countervailing  advantages.  It  saves  the  neces- 
sity for  regulation  in  most  instances.  It  provides  a  very  effec- 
tive and  safe  reserve  for  cases  where  the  charging  apparatus 
breaks  down  and  for  many  other  cases,  and  it  improves  the 
actual  efficiency  of  the  battery  which  rises  from  about  80  per 
cent,  to  nearly  90  per  cent,  when  used  with  a  sufficient  reserve. 
And  for  cases  where  it  is  necessary  to  maintain  a  constant  differ- 
ence of  potential,  such  as  electric  lighting,  it  raises  the  efficiency 
much  more,  because  in  these  cases  the  commercial  efficiency  must 
be  rated  not  from  the  average  point  of  electromotive  force  but 
from  the  lowest  point  to  which  the  battery  falls  on  discharge 
and  when  used  in  this  way  the  p.  d.  drops  only  2^  per  cent.  All 
the  E.  M.  F.  above  the  lowest  point  must  be  wasted  in  order  to 
secure  regulation,  unless  the  troublesome  method  of  regulating 
by  the  introduction  of  extra  cells  is  adopted. 

In  circuits  where  this  regulation  is  of  no  consequence  as  e,  g. 
motor  circuits  for  cars,  all  the  b.  m.  f.  is  utilized  in  increasing  the 
car  miles  per  unit  of  energy. 

In  this  connection  it  is  perhaps  worth  while  to  call  attention 
to  a  very  common  misapprehension  on  the  part  of  engineers.  A 
storage-battery  for  trolley  systems  or  other  central  stations  for 
the  production  and  utilization  of  electricity  haa  heretofore  been 
regarded  in  this  country  as  a  very  expensive  addition  to  the  plant. 
But  this  is  not  always  the  case.  There  are  many  opportunities 
for  introducing  storage-batteries  as  a  part  of  the  original  plant 
without  increasing  the  cost,  as  for  example  in  cases  where  the 
maximum  output  is  two  or  three  times  greater  than  the  average 
output.  In  the  tables  here  given  I  have  taken  Emery's  figures 
for  a  basis  for  the  steam  plant. 

1,000  HORSE-POWER  DIRECT  SYSTEM. 

Cost  of  steam  plant $70,000  00 

Electric  plant,  750  kilowatts,  at  $30.00  per  kilowatt 22,500  00 

$92,500  00 

1,000  HORSE-POWER,  STORAGE  SYSTEM. 

One-half  steam  plant $35,000  00 

One-half  electric  plant  (375  kilowatts) 11,250  00 

1,500  kilowatt  hours,  accumulator  capacity,  at  $30  per  kilo- 
watt hour 45,000  00 

$91,250  00 
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Now  that  batteries  are  made  in  large  units  and  in  much  more 
compact  shape  than  formerly,  with  increased  facilities  for  hand- 
ling, it  is  to  be  hoped  that  the  engineers  in  this  country  will  be- 
gin to  give  the  subject  of  their  introduction  more  attention,  es- 
pecially as  a  cell  having  a  capacity  of  twenty-four  kilowatt  hours 
occupies  a  floor  space  (exclusive  of  connections)  of  less  than  a 
square  yard. 

The  points  I  have  sought  more  particularly  to  lay  before  you 
are: 

1.  That  the  chemical  reactions  in  a  storage  battery  cell  must 
be  complex,  in  order  to  account  for  the  curves  of  e.  m.  f.,  tem- 
perature, and  internal  resistance. 

2.  That  the  current  and  the  e.  m.  f.  of  the  component  plates 
of  a  cell,  and  of  each  part  of  each  plate,  are  constantly  fluctu- 
ating, in  spite  of  the  fact  that  no  source  of  electricity  can  compare 
with  a  storage  battery  for  steadiness  and  constancy. 

3.  That  by  reducing  the  normal  output  of  a  battery  by  about 
thirty  or  forty  per  cent,  the  discharge  can  be  mainly  confined  to 
one  set  of  chemical  reactions,  thus  prolonging  the  life  of  the 
battery. 

4.  That  the  negative  and  positive  plates  are  apt  to  get  out  of 
step,  therefore  the  battery  should  be  given  an  occasional  over- 
charge when  necessary,  but  only  when  necessary  to  get  them  in 
line  again. 

It  may  fairly  be  said  that  none  of  these  points  are  new.  Only, 
instead  of  being  mere  opinions,  accepted  by  one  set  of  experts 
and  rejected  by  others,  they  seem  to  me  to  be  logical  and  inevi- 
table deductions  from  the  phenomena  herein  disclosed. 

I  desire  to  acknowledge  the  aid  I  have  received  in  the  study 
of  these  phenomena  from  my  very  competent  laboratory  assist- 
ants, as  well  as  the  accurate  and  fatiguing  work,  both  night  and 
day,  kindly  undertaken  by  two  of  them,  Mr.  Hugh  Lesley  aided 
by  Mr.  Norman  Mellor,  in  making  the  measurements  and  plot- 
ting the  curves  herewith  presented  for  your  consideration. 
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« 

Discussion. 

Dr.  Louis  Duncan: — In  a  paper  which  I  had  the  pleasure  of 
reading  before  the  Institute  some  years  ago,  I  described  some 
experiments  on  some  of  the  points  brought  out  by  Mr.  Griscom, 
and  I  would  like  to  say  a  few  words  about  them.     In  the  first 

Slace,  with  respect  to  the  local  action  taking  place  in  the  plates, 
Ir.  Weigand  and  myself  made  some  investigation  on  this  point, 
and  found  that  the  local  action  between  parts  of  the  same  plate 
was  very  considerable  under  certain  conditions.  We  found  that 
when  the  cell  had  been  very  heavily  discharged,  that  the  chemi- 
cal condition  of  different  parts  of  a  plug  of  active  material  was 
different,  and  a  local  action  took  place,  which  tended  to  make  the 
plug  uniform  in  its  constitution,  and  this  accounted  for  a  part  of 
the  increased  lofes  of  energy  when  the  discharge  rate  in  a  battery 
was  high.  Again  I  see  that  Mr.  Griscom  states  that  Professor 
Ayrton  discovered  the  cooling  of  a  storage  cell  on  its  being  dis- 
charged. Mr.  Griscom  could  not  have  read  Professor  Ayrton's 
paper  carefully,  or  he  would  have  noticed  that  Professor  Ayrton 
nimself  attributes  this  discovery  to  myself  and  Mr.  Weigand. 
We  tried  to  explain  the  cooling  effect  by  the  taking  of  sulphuric 
acid  from  the  solution,  but  this  did  not  account  for  all  of  the 
cooling,  and  there  must  be  some  other  cause  for  it.  There  is  a 
considerable  amount  of  energy  given  to  a  cell  which  is  never 
given  back  again,  but  which  results  in  the  formation  of  com- 
pounds which  are  not  reversed  on  discharge. 

I  see  that  Mr.  Griscom  states  that  the  theory  held  by  some 
people  that  the  decrease  of  the  porosity  of  the  plugs  changes  the 
resistance  of  the  cell,  is  untenable.  In  the  paper  by  Mr.  Weigand 
and  myself  to  which  I  have  referred,  we  maae  some  experiments 
on  the  porosity  of  plugs  both  when  completely  charged,  and 
when  discharged,  and  we  found  that  they  were  much  more  po- 
rous when  charged.  We  wanted  to  hnd  why  it  is  that  a  high 
rate  of  discharge  is  injurious  to  the  battery,  especially  if  it  has 
been  partly  discharged,  and  also  why  the  electromotive  force  of 
a  cell  drops  faster  when  the  battery  is  partly  discharged  than 
when  it  is  fully  charged.  We  found  that  when  the  discharge 
rate  is  rapid,  acid  is  taken  from  the  solution  inside  of  the  plug, 
thus,  of  course  weakening  the  solution,  which  only  gains  acid 
again  by  diffusion  from  the  outside.  The  diffusion  decreases 
greatly  as  the  battery  becomes  discharged,  and  when  a  certain 
strength  of  current  is  taken  from  it,  the  acid  in  the  plug  becomes 
greatly  impoverished,  and  a  phenomenon  occurs  which  is  men- 
tioned by  Gladstone  and  Tribe  in  their  work  on  the  storage  bat- 
tery. They  found  that  when  the  solution  reached  a  certain 
dilution  the  chemical  action  on  the  lead  plates  changed,  and  a 
different  compound  than  peroxide  of  lead  was  formed,  the  plate 
being  rapidly  corroded.  We  came  to  the  conclusion  then,  from 
our  work,  that  a  large  part  of  the  fall  of  electromotive  force,  and 
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the  deterioration  of  batteries  at  hi^h  discharge  rates  was  due  to 
the  weakening  of  the  acid  in  the  plng,  and  from  our  experiments 
on  the  rate  of  diffusion  in  the  plug,  we  saw  that  botli  of  these 
effects  would  be  exaggerated  as  the  battery  was  discharged,  and 
the  rate  of  diffusion  was  lowered.  As  the  chemical  action  when 
the  battery  is  partly  run  down  takes  place  on  the  inside  of  the 
plug,  the  resistance  will  naturally  be  increased  both  bv  the 
greater  distance  from  the  support  plate,  and  the  decreased  con- 
ductivity of  the  material  through  which  the  current  must  flow 
to  the  support. 

There  is  one  thing  that  seems  to  be  particularly  interesting, 
and  that  is  the  fact  that  plates  in  the  same  cell,  after  the  dis- 
charge has  taken  place,  will  give  a  current  between  one  another. 
Although  the  fact  that  local  action  takes  place  in  the  plate,  has 
been  observed  before,  yet  I  do  not  know  of  any  experiments 
that  have  been  made  on  the  loss  of  energy  due  to  currents  be- 
tween plates  of  the  same  name  in  the  same  cell. 

There  is  another  very  interesting  point  in  the  paper,  and  that 
is  the  wonderful  phenomenon  of  automatic  discharge  described 
by  Mr.  Griscom.  I  have  never  seen  it  take  place,  and  I  am  very 
certain  I  cannot  explain  it. 

Mr.  Grisoom  :— 1  would  like  to  correct  two  misconceptions  on 
the  part  of  Dr.  Duncan.  I  did  not  say  that  Ayrton  whose 
unrivalled  researches  I  have  not  only  read  but  studied,  was  the 
first  discoverer  of  the  cooling  effect  of  discharge,  but  that  he 
independently  discovered  it  and  published  the  first  curve  show- 
ing tne  history  of  cooling  on  discharge.  Nor  did  I  mean  to  con- 
vey the  impression  that  uie  clogging  action  of  discharge  had  no 
effect  whatever  on  the  resistance  of  the  cell,  but  that  it  was  not 
the  only  influence  at  work.  For  the  resistance  varies  in  some 
parts  of  the  charge  and  discharge  in  exactly  the  opposite  way 
from  that  which  would  result  from  the  clogging  theory. 

As  to  the  irreversible  electrolytic  actions  remarked  by  Drs. 
Duncan  and  W6igand,  I  can  only  say  that  I  have  heard  of  such 
actions  very  often  since  the  Faure  discoveries  were  published, 
but  if  the  word  "  irreversible "  be  used  in  its  absolute  sense  I 
have  failed  to  find  them — at  least  during  the  proper  and  legiti- 
mate use  of  storage  batteries. 

I  entirely  concur  with  Dr.  Duncan  regardingthe  importance 
of  the  researches  made  by  himself  and  Dr.  Weigand  on  the 
varying  diffusivity  of  acid  in  the  paste.     Such  researches  give 

Erecision   to  our  thoughts,  and  mate  us  feel  that  some  of  our 
ypotheses,  at  least,  are  builded  upon  the  rock. 
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[Communicated  Afi^eb  Adjournment  by  Mb.  Townsbnd 

WOLOOTT.] 

Mr.  Griscom's  paper  is  a  valuable  contribution  to  the  literature 
of  the  storage  battery.  In  ray  opinion  it  is  the  best  storage  bat- 
tery paper  ever  read  before  the  Institute.  In  the  paper  Mr. 
Gnscom  offers  explanations  for  a  number  of  plienomena  before 
unaccounted  for,  but  he  also  presents  a  large  number  of  phe- 
nomena for  which  he  asks  explanations  from  the  other  members. 
I  am  afraid  that  the  desired  information  is  not  forthcoming.  I 
say  this  because  the  theory  of  the  storage  battery  is  full  of 
anomalies  such  as  the  following : 

Take  a  strip  of  ordinary  sheet  lead  which  has  been  exposed  to 
the  air  and  become  somewhat  tarnished,  cut  it  in  two  and  place 
the  halves  in  the  ordinary  battery  acid  and  connect  with  a  low 
reading  voltmeter.  In  the  majority  of  cases  there  will  be  a  small 
E.  M.  F.  shown,  due  to  the  mmute  differences  in  the  oxidation 
(tarnish)  of  the  two  halves  of  the  same  strip.  Now  by  carefully 
scraping  the  positive  piece,  the  voltmeter  may  be  brought  to 
zero,  after  which  a  little  more  scraping  will  produce  a  deflection 
in  the  opposite  direction. 

This  sensitiveness  would  seem  to  indicate  that  there  was  an 
exceedingly  great  propensity  to  local  action  in  the  storage  bat- 
tery, and  it  would  also  seem  that  a  lead  grid  filled  with  peroxide 
would  constitute  a  short-circuited  couple  with  an  e.  m.  f.  of  two 
volts  or  thereabouts  and  that  when  placed  in  the  acid  it  would 
completely  discharge  itself  in  a  short  time. 

Tnat  is  not  the  case,  however,  as  every  one  knows.  In  fact,  if 
we  take  two  perfectly  clean  pieces  of  lead  which  give  no  deflec- 
tion on  the  voltmeter,  and  coat  one  with  peroxide,  even  on  one 
side  the  couple  will  give  a  considerable  voltage,  although  it  may 
be  below  two  volts.  That  is  to  say,  there  is,  apparently  at  least, 
no  E.  M.  F.  between  the  peroxide  and  the  lead  with  which  it  is 
in  direct  contact,  while  between  the  peroxide  and  the  lead  with 
which  it  is  connected  through  the  voltmeter  there  is  a  very 
decided  e.  m.  f. 

The  explanation  of  tViis  appears  to  be  that  there  is  a  strong 
tendency  of  the  metallic  lead  and  the  peroxide  to  come  to  the 
same  potential  as  soon  as  current  begins  to  flow  between  them. 
There  is  probably  a  momentary  current  on  immersing  a  peroxide 
grid,  but  it  is  probably  only  momentary,  even  if  the  grid  remains 
apparently  unoxidized.  The  fact  that  the  voltmeter  in  the 
experiment  just  mentioned  remains  deflected  for  some  time  with 
two  small  strips  of  lead,  would  seem  to  show  however,  that  an 
appreciable  quantity  of  electricity  passed  before  equilibrium  is 
attained. 

I  am  somewhat  surprised  at  the  results  obtained  by  Mr.  Gris- 
com,  in  connection  with  the  discharge  of  one  plate  into  another 
which  was  at  a  low  potential.     So  far  as  my  experience  goes,  it 
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is  rather  contradictory  to  this.  I  have  frequently  seen  an  at- 
tempt made  to  divide  the  charge  between  two  equal  sets  of  cells, 
one  of  which  was  fully  charged,  and  the  other  pretty  well  dis- 
charged. The  result  was  always  unsatisfactory.  The  tendency 
of  the  E.  M.  F.  of  a  discharged  cell  to  rise  quickly  above  two  volts 
as  soon  as  recharge  begins,  would  soon  reduce  the  current  to  a 
trifling  amount,  so  that  the  charges  would  not  be  even  approxi- 
mately equalized  in  any  reasonable  time. 

The  presence  of  peroxide  of  hydrogen  in  some  cells  but  not  in 
others,  is  another  of  the  unexplained  phenomena  which  are  so 
frequently  met  in  storage  battery  work.  It  may  be  possible  or 
even  easy  to  construct  hypotheses  to  account  for  such  irregulari- 
ties, but  what  is  wanted  is  demonstration  and  not  speculation. 

[Reply  to  Mr.  Townsend  Wolcott's  Communication  by  the 

Author.] 

Is  Mr.  Wolcott  confident  that  the  experiment  which  he  details 

froves  the  existence  of  e.  m.  f.  due  to  diflPerences  of  oxidation  ? 
s  it  not  possible  that  it  is  due  to  occlusion  of  gases?  I  have 
found  considerable  differences  of  potential  between  two  plates  of 
chemically  clean  platinum,  one  of  which  had  been  exposed  to 
the  air,  after  being  heated  red  hot,  rather  longer  than  the  other. 

If  two  pieces  of  platinum  about  one  inch  square  be  chemically 
cleaned,  heated  red  hot  and  immersed  in  dilute  sulphuric  acid, 
they  may  be  brought  to  the  same  potential  by  a  little  manipula- 
tion. If  then  one  of  them  be  removed  again,  cleaned,  heated  red 
hot  and  allowed  to  cool  for  a  few  minutes  and  then  immersed 
in  the  electrolyte  it  will  at  the  moment  of  immersion  show  a  pow- 
erful deflection  equal  to  over  a  milli-ampere.  If,  now,  the  same 
Elate  be  taken  out  of  the  electrolyte  again,  cleaned,  heated  red 
ot  and  plunged  while  red  hot  in  the  electrolyte  a  very  curious 
phenomenon  will  be  noticed — the  first  deflection  will  be  negative 
and  immediately  afterward  the  current  will  reverse  and  the 
platinum  will  resume  its  positive  polarity. 

It  is  hardly  credible  that  the  potentials  are  due  to  oxidations  of 
the  platinum.  I  am  rather  inclined  to  think  that  it  occludes 
oxygen  from  the  air  and  possibly  it  occludes  an  extremely  minute 
portion  of  hydrogen  when  immersed  red  hot  in  the  solution.  It 
might,  perhaps,  be  worth  while  for  chemists  to  remember  that 
platinum  always  absorbs  oxygen  from  the  air  after  being  heated 
red  hot  and  really  to  an  appreciable  extent — enough  in  fact  to 
produce  several  milli-ampere  seconds  per  square  inch  under  the 
above  circumstances.  I  nave  not  ^ven  careful  examination  to 
the  behavior  of  lead  under  these  circumstances,  but  I  must  con- 
fess that  I  have  not  found  so  great  deflections  while  using  lead 
as  I  obtained  with  platinum. 

I  do  not  think  that  there  is  as  much  local  action  in  a  storage 
battery  as  has  generally  been  supposed,  if  by  local  action  is 
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meant  an  electrolytic  effect  due  to  the  paste  and  grid.  That 
local  action  mnst  ensue  with  plain  lead,  coated  with  peroxide  of 
lead  when  immersed  in  sulphuric  acid  is  of  course  unquestion- 
able, but  the  amoimt  of  action  is  limited  to  the  oxidation  of  the 
metallic  lead  surface  and  that  oxidation  prevents  further  action 
to  such  an  extent  that  positive  plates  which  have  been  in  use  for 
eight  years  are  not  oxidized  to  a  greater  depth  than  ^fir  of  an 
inch,  provided  the  lead  was  of  good  quality  and  not  full  of 
minute  holes.  My  own  impression  is  that  the  loss  of  energy  in  a 
storage  battery  is  due  to  a  different  kind  of  local  action,  to  wit : 
that  which  is  caused  by  the  actual  differences  of  potential  of  dif- 
ferent parts  of  the  paste  and  acid.  This  difference  of  potential 
mav  be  due  to  different  densities  of  acid  in  the  pores  of  the 
active  material,  or  it  may  be  due  to  different  degrees  of  oxidation 
of  the  active  material,  or  it  may  be  due  to  both  factors  combined. 

[Communicated  After  Adjournment  by  Sir  David  Solomons, 

OF  London.] 

I  have  been  favored  with  an  advance  copy  of  Mr.  Griscom's 
interesting  paper,  in  which  he  does  me  the  nonor  of  referring  to 
me  in  regard  to  one  or  two  matters.  I  will,  therefore,  connne 
myself  to  saying  a  few  words  on  my  experience  since  the  time 
alluded  to  in  the  paper. 

It  is  quite  true  that  the  glass  cells  are  very  apt  to  crack  in  the 
sunlight.  At  first  I  thougnt  this  must  be  due  to  some  chemical 
action  upon  the  glass,  but  such,  it  would  now  appear,  is  not  the 
case,  for  empty  glass  cells  crack  in  the  same  way.  Therefore,  I 
conclude  that  the  cause  must  be  the  unequal  expansion  of  the 

lass,  for  I  was  unable  to  make  pots,  whicn  had  been  very  care- 

uUv  annealed,  crack  in  the  manner  described. 

There  can  be  no  doubt  that  the  positive  plates  in  a  section 
discharge  themselves,  if  left  at  rest.  There  appears  to  be  con- 
clusive evidence  upon  this  point.  There  are  two  causes  for  this: 
First,  by  the  slight  leakage  which  exists  in  every  installation ; 
and,  secondly,  a  leakage  in  the  cell  itself  apart  from  any  local 
action  which  may  take  place,  in  consequence  of  the  materials 
employed  in  building  up  a  section,  and  this  circumstance  cannot 
be  avoided,  for  all  substances  conduct  in  a  greater  or  less  degree. 
With  due  care  and  by  the  addition  of  caustic  soda  or  sulphate  of 
soda,  I  have  been  able  to  reduce  the  slow  discharge  in  a  very 
great  degree.  In  all  cases,  where  the  battery  is  likely  to  be  left 
at  rest  for  considerable  periods,  great  attention  should  be  given 
to  the  materials  employed  for  building  up  the  section.  Although 
this  seems  to  be  a  common-sense  proceeding,  it  is  one  often  neg- 
lected. 


i 
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[Communicated     aftbb     Adjournment    by    Mr.    Fbedebiok 

Eeokenzaun] 

While  I  had  just  missed  the  presentation  of  Mr.  Griscom's 
interesting  paper,  on  arriving  at  the  Philadelphia  meeting,  I 
have  since  carefully  peiused  its  contents.  Besides  various 
striking  points  and  suggestions,  I  note  some  features  therein 
which  appear  to  warrant  discussion.  First  in  their  order  are  the 
curves  and  data  giving  observations  on  the  p.  d  of  the  positive 
and  the  negative  plates,  wherein  the  individual  plates  of  another 
cell,  which  the  author  terms  "test  cell,"  as  distinguished  from 
the  cell  under  test,  have  been  used  as  the  basis  of  measurement. 
Why  Mr.  Griscom  should  have  adopted  two  separate  standards, 
one  for  each  plate  under  test,  is  not  convincingly  explained,  but 
it  is  apparent,  that  this  selection  was  not  a  fortunate  one. 
Owing  to  the  inconstancy  of  the  standard  cell  (test  cell)  itself, 
as  shown  by  its  e.  m.  f.  curve,  the  p.  d.  curves  obtained  for  the 
separate  plates  actually  represent  the  resultant  values  of  two 
unknown  and  varying  factors  and  not,  as  they  purport,  the  spe- 
cific potential  variations  of  the  plates  under  test.  I^or  could  the 
latter  be  definitely  deduced  by  allowing  for  the  deviation,  from 
a  straight  line,  of  the  e.  m.  f.  curve  of  the  "test  cell,"  because 
there  is  no  evidence  that  the  individual  plate  potentials  of  the 
latter  varied  alike.  Such  being  the  case,  the  characteristics 
obtained,  necessarily  become  somewhat  problematical. 

In  reference  to  the  "continuation"  discharge,  (Faure  cell)  to 
which  Mr.  Griscom  attaches  special  significance,  it  may  be  noted 
that  the  negative  curve  is  decidedly  odd,  and  the  context  rather 
remarkable  lor  its  omissions.  The  negative  p.  d.  curve  preceding 
the  ''continuation  "  discharge,  if  the  compensation  above  referred 
to  were  made,  would  undoubtedly  be  nearer  the  horizontal  than 
shown,  and  would  be  far  from  indicating  a  sudden,  abrupt  break 
to  one  volt,  within  the  first  five  minutes  of  the  continuation,  and 
to  almost  zero  in  five  minutes  more;  indeed,  even  taking  the 
curve  as  it  is,  which  represents  the  sum  of  the  potential  losses  of 
both  the  standard  and  the  plate  under  test,  it  forms  an  angle 
with  the  "continuation"  curve  which  it  would  be  idle  to 
anticipate  in  an  uninterrupted  continuation  of  the  discharge,  and 
still  more  so  in  an  interrupted  one,  as  was  the  case,  unless  some  very 
untoward  accident  or  interference  befell  the  plate.  We  are  told 
that  for  the  continuation  test,  the  plates  were  separated  and  each 
opposed  to  freshly  charged  plates  in  fresh  electrolyte.  We  are 
not  told  the  specific  gravity  and  temperature  of  the  fresh 
electrolyte,  which  factors  influence  to  some  extent  the  e.  m.  f.; 
we  are  not  told  why  fresh  electrolyte  has  been  used  instead  of 
the  old  one  or  one  liKe  it ;  nor  are  we  told  the  period  of  rest  that 
intervened.  However,  that  their  combined  effect  was  consider- 
able, and  favorable  to  the  positive  plate,  is  shown  by  the  curve 
for  that  plate,  in  view  of  which  the  negative  continuation  curve 
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appears  utterly  incredible.  Such  a  state  of  the  negative,  one 
might  expect  if  it  had  been  allowed  to  discharge,  as  oy  a  short- 
circuit,  or  exposure  to  air,  (followed  by  a  momentary  recuperation 
in  the  electrolyte)  daring  the  intermission.  It  may  also  be 
observed,  by  the  way,  that  the  "enlarged"  continuation  curves 
do  not  coincide  with  the  smaller  ones. 

The  charge  curve  (Faure  cell)  cannot  lay  claim  to  being 
illustrative  of  normal  conditions,  owing  to  the  abnormal  discharge 
(continuation)  immediately  preceding  the  charge,  and  which,  of 
course,  must  have  left  its  impress  upon  the  plates,  producing  a 
corresponding  influence  upon  the  observations  following.  The 
electrolyte,  too,  differa  here  again,  rising  above  its  original 
specific  gravity  owing  to  the  acid  absorbed  from  the '"fresh" 
electrolyte  in  which  the  discharge  "continuation"  had  been 
effected.  In  fact,  this  gain  in  the  electrolyte  invites  a  comparison 
with  the  output  of  the  continuation  discharge.  It  should  be 
approximately  proportionate  thereto,  but  it  is  not.  Allowing 
equal  formation  of  PbSO^  for  positive  and  negative  plates 
per  ampere-hour  of  discharge,  the  amount  of  acid  absorbed 
corresponds  to  one  half  of  11  +  108  ampere-hours  (the  respective 
extra  discharge  credited  to  the  positive  and  negative  plates) 
namely,  59.5  ampere-hours.  The  gain  shown  by  the  specific 
gravity  curve,  however,  corresponds  to  87  ampere-hours  if  the 
acid  temperature  had  remained  constant,  but,  as  the  temperature 
rose  during  the  charge  (temperature  readings  are  omitted,  only 
a  rise  of  8°  F.  for  a  certain  period  being  quoted),  and  even  if 
this  had  been  all  the  rise  occurring  between  the  beginning  of  the 
discharge  and  the  end  of  the  charge,  the  gain  in  specific  gravity 
would  be  equivalent  to  over  100  ampere-hours.  The  assumption 
that  this  difference  between  59.5  and  over  100  ampere-hours  is 
due  to  a  greater  ratio  of  PhSO^  formation  during  the  accounted- 
for  extra  discharge  is  not  admissible,  and  the  shape  of  the 
specific  gravity  curve  of  the  discharge,  as  far  as  it  goes,  (for  the 
extra  discharge  no  specific  gravity  curve  is  given)  would  not  in 
the  least  support  it.  Nor  would  it  seem  reasonable  to  suppose 
that  the  "  fresh  "  electrolyte  was  so  excessively  strong  that  the 
portion  of  it  that  may  have  been  conveyed  by  the  plates  made 
such  a  difference.  So  that  this  reminds  again  of  the  queer 
behavior  credited  to  the  negative  plate  on  the  continuation 
discharge.  Altogether  the  curve  tables  seem  but  an  imperfect 
basis  for  the  conclusions  built  thereon  in  the  context. 

In  regard  to  standards  for  taking  the  individual  plate  p.  d's., 
it  would  seem  beyond  question  that  the  use  of  a  single  standard^ 
which  is  either  electro-positive  or  electro-negative  to  both  plates 
under  test,  would  yield  curves  that  bear  a  definite  relation  to 
each  other,  iiTespective  of  any  possible  changes  in  its  own 
potential.  It  would  also  facilitate  the  checking-off  of  obser- 
vations, in-as-far  as  the  distances  between  the  two  (p.  d.  positive 
and  p.   D.   negative)   curves  obtained   must  correspond  to  the 
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independently  measnreable  values  of  p.  d.  of  the  cell;  and 
fiimiliarly  with  the  respective  e.  m.  f.  values.  Dr.  Streintz,  of 
Graz,  Austria,  in  his  extensive  storage  battery  investigations 
{ZeiUchri^t  fuer  Elektrotechnik^  Vienna,  Vols.  IX  and  XL), 
has  used  zinc  as  a  standard  in  observing  the  potentials  of  in- 
dividual plates  during  discharge,  and  his  results  indicate  that 
under  proper  conditions  that  metal  is  very  satisfactory.  This 
being  the  case,  it  is  manifest  that  it  will  also  lend  itself  to  a 
varietj^  of  other  lines  of  observations  upon  lead  accumulators, 
including  relative  capacity  tests  of  individual  plates, — even  to 
observations  upon  a  complete  reversal  and  its  concomitant 
characteristics, — yet  leaving  a  fair  working  margin  l>etween  itself 
and  the  plates  throughout  all  phases.  And  what  is  of  no  small 
advantage,  the  zinc  standard  affords  a  striking  graphical  illustra- 
tion of  the  characteristics  observed. 
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In  testing  the  relative  capacity  of  the  plates,  it  is  only  necessary 
to  discharge  the  cell  in  series  with  a  larger  cell  (or  two  in  an 
extreme  case),  in  order  to  assist  in  overcoming  the  external 
resistance  (wires,  connections,  ammeter,  etc.)  when  nearing  zero 
p.  D.  of  the  cell,  as  in  the  case  of  an  ordinary  zero  test  under  a 
constant  current,  and  beyond  that  point  when  the  weaker  plate 
or  section,  owing  to  its  sluggish  action,  sets  up  a  counter  p.  d. 
in  the  cell.  The  entire  test  can  be  made  without  removing  the 
plates  or  electrolyte,  or  in  any  way  interrupting  the  discharge  or 
interfering  with  the  proper  conditions  of  continuation,  and, 
consequently,  without  mutilation  of  the  curves  which  are  to  tell 
the  tale  of  tne  characteristics  sought. 

The  accompanying  Fig.  3  furnishes  an  example  of  the  general 
shape  of  curves  obtained  by  this  method  to  and  beyond  the  point 
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of  the  cell  p.  d.  zero.  The  upper  curve  indicates  the  p.  d. 
values  of  the  positive  plate  {2^ — PbOi)  and  the  lower  curve 
those  of  the  negative  (Zm, — P}>\  zinc  being  the  zero  or  base  line 
common  to  both.  The  two  curves  approach  each  other  as  the 
discharge  proceeds,  finally  cross  (as  at  o,)  and  deviate,  if  the  dis- 
charge is  forced  toward  reversal.  Now,  if  a  practical  working 
limit  of  cell  p.  d.  is  prescribed  or  chosen  (which  should  be  well 
inside  of  the  steep  curvature  of  the  weaker  plate,)  let  special 
note  be  taken  of  the  Zm, — PhO^  value  a,  and  tlie  Zri — Ph  value 
^,  on  passing  that  limit,  because  here  really  begins  the  com- 
parison of  the  relative  plate  capacities.  Then,  if  the  positive  and 
negative  plates  have  the  same  capacity,  zero  cell  p.  d.  (crossing 
of  curves)  will  occur  at  a  point  (e)  corresponding  to  (a  +  J) :  2, 
whereas,  if  either  plate  has  an  excess  of  capacity,  the  intersection 
will  occur  above  or  below  that  point;  in  tne  example  given,  the 
cell  zero  p.  d  occurs  at  o.  Thence  the  discharge  is  forced  along 
until  the  p.  o.  of  the  stronger  plate  reaches  the  value  {a  +  h) :  2, 
indicated  by  the  letter  h.  The  diffei^ence  hetwe^  the  relative 
capa^ties  w  expressed  hy  the  linear  dimension  E- — H.  Upon 
reducing  the  capacity  of  the  stronger  plate  accordingly,  the  new 
curve  would  more  or  less  alter  its  shape  at  the  assumed  cell  p.  d. 
limit,  and  the  latter  for  the  same  value  would  come  somewhat 
further  inside,  as  suggested  by  the  dotted  lines.  The  curves  (for 
charge,  discharge  and  complete  reversal)  obtained  by  this 
method  will  prove  instructive  in  various  ways,  and  their  diflPer- 
ences  may  suggest  further  investigation  into  structural  and  other 
features. 

The  drop  in  temperature  of  a  discharging  cell,  alluded  to  by 
Mr,  Griscom,  is  a  result  dependent  upon  very  low  internal 
resistance  and  moderate  current.  Under  opposite  conditions 
the  opposite  result,  namely,  a  rise  in  temperature,  will  occur. 
Mr.  Griscom's  explanation  of  the  cooling  effect  may  help  to 
explain  the  heating  effect  also.  There  are  two  opposing  functions 
in  discharging  a  storage  battery,  which  do  not  bear  a  fixed 
relation  to  each  other;  the  chemical  (or  cooling)  effect  being ^r<?- 
portional  to  the  current  (as  is  also  the  absorption  of  sulphuric 
acid,  referred  to  by  Mr.  Griscom),  whereas  the  heating  effect 
varies  na  (P  P,  Thus,  while  the  cooling  effect  may  predominate 
under  favorable  conditions,  upon  increasing  (7,  a  point  will  be 
reached  where  the  two  factors  balance  and  beyond  which  heat 
will  ensue.  This  balance  point,  of  course  varies  with  different 
types  and  sizes  of  storage  batteries.  In  Prof.  Ayrton's  tem- 
perature tests,  alluded  to  by  Mr.  Griscom,  the  cell  temperature, 
though  remaining  above  that  of  the  surrounding  air,  fell  slightly 
below  that  of  an  idle  cell,  wherein  the  heating  was  due  to  some 
local  action  (possibly  the  same  two  functions,  with  their  relative 
magnitude  reversed.     Dr.  Duncan  and  Mr.  Weigand^  mention 

1.  Transactions  vol.  vi.,  p.  217. 
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having  observed  a  temperature  reduction  in  some  cases,  and  a 
rise  in  a  number  of  others,  the  data  on  which  indicate  favorable 
conditions  in  the  latter  direction.  My  own  observations  were 
also  of  both  kinds,  and  numerous;  especially  have  I  noted  a 
marked  rise  when  discharging  at  such  an  excessive  rate  as  to 
produce  lively  gassing  at  the  plates,  which  was  accompanied  by 
a  marked  increase  in  the  internal  resistance.  Again,  in  cases 
where  a  number  of  cells  were  confined  within  a  close  space 
affording  little  or  no  ventilation,  (as  in  an  electric  launch,  etc.,) 
even  a  slight  initial  rise  would  have  a  cumulative  eflPect,  to  a 
noticeable  extent.  These  observations  were  made  on  cells  in 
good  condition. 

On  page  312  the  author  refers  to  "a  very  curious  misapprehen- 
sion" prevailing  "among  some  battery  people"  to  the  effect  that 
the  negative  plate  exceeded  the  capacity  of  the  positive,  and 
then  proceeds  to  prove  the  contrary  by  reference  U)  tests,  the 
shortcomings  of  which  have  been  pointed  out  above.  As  a  mat- 
ter of  fact  both  conclusions  are  unwarrantably  broad.  In  view 
of  the  diverse  types  that  are  on  the  market,  it  must  be  observed 
that  the  relative  capacity  of  the  plates  is  as  the  manufacturer 
chooses  to  make  it.  It  depends  upon  structural  features,  upon 
the  relative  size  and  thickness  of  tne  plates,  the  relative  propor- 
tion of  "  active  material "  contained  therein  and  the  quality,  con- 
dition and  distribution  of  the  latter,  each  of  which  factors,  if 
varied  itself,  will  produce  different  results.  In  some  accumula- 
tors the  positive  and  negative  plates  are  made  exactly  alike  up 
to  the  point  of  final  "  formation."  and  in  most  of  these,  when 
in  good  working  order,  the  negative  plates  have  a  considerable 
excess  in  capacity,  owing,  no  doubt,  to  the  spongy  lead  being 
capable  of  more  thoroughly  undergoing  the  chemical  change 
than  the  peroxide.  Dr."  Frankland  (Koyal  Societv,  1890)  re- 
marked that  "  only  half  as  much  material  seems  to  be  necessary 
for  the  negatives  as  for  the  positive  plates."  Messrs.  Gladstone 
and  Tribe  made  similar  observations.  Prof.  Ayrton^  suggests 
an  explanation  why  in  the  E.«  P.  S.  (pasted  grid)  type  "it  is  neces- 
sary to  employ  nearly  twice  as  mucli  lead  peroxide  as  is  actually 
needed  for  the  chemical  action."  Some  manufacturers  have  as 
much  as  ten  years  ago  recognized  the  difference  and  accordingly 
made  the  positive  plates  thicker  than  the  negatives,  and,  although 
Mr.  Griscom  doubts  the  propriety  of  so  doing,  his  company  also 
follows  that  practice.  1  have  myself  made  careful  tests  of  the 
comparative  capacities  of  plates  and  materials,  extending  over 
some  years,  and  found  a  considerable  difference  in  the  oxides  of 
different  makers,  their  capacities  ranging  (with  grid  plates  i  inch 
thick),  under  like  conditions,  from  1.4  to  2.5  ampere-hours  per 
ounce  of  red  lead  in  positive  plates,  and  (with  similar  grids)  from 
2.76  to  3.25  ampere-hours  per  ounce  of  litharge  contained  in 

1.  InH.  Blee.  Eng„  London,  1890. 
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negative  plates,  in  all  these  cases  putting  double  their  amount  of 
active  material  opposite  them,  to  ensure  maximmn  ontpnt  of  the 
samples  with  the  usual  working  p.  d.  limit,  at  a  nuiform  current. 
Among  a  variety  of  tests  to  determine  the  relative  capacity  of 
plates  working  together,  I  have  made  a  series  of  experiments 
calculated  to  vield  the  most  direct  results  for  practical  purposes, 
as  follows :  1  prepared  3  cells,  each  containing  4  negatives  and 
3  positives ;  size  7f  x  9 J  inches ;  thickness,  all  positives  \  inch ; 
negatives,  in  one  cell  J  inch,  second  cell  ^  inch,  third  cell  ^ 
inch ;  ^  inch  grids  being  planed  down  to  the  respective  thick- 
nesses for  the  second  and  third  cell.  The  oxides  used  were  of 
the  best  quality  available  (the  litharge  being  specially  manu- 
factured for  storage  battery  purposes.)  The  cells  were  worked 
daily  for  several  weeks,  under  normal  conditions,  and  the  net 
results,  briefly  stated,  were,  that  the  cell  in  which  the  negatives 
were  reduced  to  one  half  their  thickness  and  the  amount  of  lith- 
arge therein  to  38  per  cent,  of  that  contained  in  the  \  inch  nega^ 
tives,  yielded  an  output  only  16  per  cent,  less  than  cell  1.  (The 
reason  for  only  38  per  cent,  and  not  50  per  cent,  of  litharge 
being  in  the  \  inch  plates  was  in  the  perforations  being  tapered.) 
The  object  of  this  experiment  was  to  And  how  thin  a  negative 
would  airswer  for  a  given  positive  with  the  materials  used, 
without  undue  sacrifice  in  the  capacity  of  the  cell,  and  the  re- 
sults obtained  approximately  correspond  with  theoretical  deduc- 
tions. Generally  speaking,  the  results  do  not  vary  exactly  with 
thickness,  volume  and  weight,  but  many  other  minor  points,  as 
above  indicated,  necessarily  contribute  in  determining  them  ;  the 
subject  is  too  intricate  to  be  broadly  covered  by  either  Mr. 
Griscom's  implied  conclusions  or  the  one  he  undertook  to  refute- 
I  concur  with  Mr.  Griscom  in  his  views  on  the  success  of 
storage  batteries  in  Europe,  and  their  lack  of  success  in  this 
country.  Other  points  of  comparison  suggest  themselves, 
among  which  are  the  generally  greater  day  load  of  central  sta- 
tions in  this  country,  due  largely  to  a  more  general  use  of  motors^ 
which  tends  to  make  the  use  of  storage  batteries  a  somewhat 
less  pressing  object,  and  further,  the  entire  absence,  until  re- 
cently, of  large,  substantial  and  durable  types  of  cells  suited  for 
central  station  purposes.  While  in  Europe  central  station  types 
have  been  given  tne  utmost  attention  by  manufacturers,  with 
corresponding  success,  American  storage  battery  manufacturers; 
on  the  other  hand,  have  largely  endeavored  to  cope  with  that 
alluring  subject:  storage  battery  traction — unfortunately  with 
but  little  success— and  neglected  to  cater  to  the  central  station" 
tield  witli  types  especially  adapted  to  that  class  of  work. 

[Reply  to  Mr.  Fbkderick  Reckenzatjn,  by  the  Author.] 

Some  of  the  points  made  by  Mr.  Reckenzaun  show  that  my 
paper  requires  a  little  further  elucidation  :  — 

First.  Mr.  Reckenzaun  says  that  the  text  is  rather  remarkable 
for  its  omissions  with  respect  to  the  curves.     I  did  not  pretend 
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to  give  a  complete  analysis  of  the  curves,  which,  by  the  way, 
are  perfe-^itly  normal,  but  only  to  use  some  features  of  them  to 
illustrate  my  paper. 

Second.  He  states  that  I  adopted  two  separate  standards, 
one  for  each  plate  under  test,  and  states  that  owing  to  the  incon- 
stancy of  the  standard  cell,  (test  cell ),  the  p.  d.  curves  for  the 
separate  plates  actually  represent  the  resultant  values  of  two 
unknown  and  varying  factors. 

Now  this  appears  to  me  to  show  a  little  tendency — 

"       ♦        *        *  *        to  divide 

**  A  hair  'twixt  north  and  north-west  side." 

The  total  discharge  of  the  ''test  cell"  during  the  300  or  400 
readings  represented  by  the  curve  did  not  exceed  t^-A^  part  of 
its  capacity.  Therefore,  there  was  no  change  appreciable  to  my 
instruments  in  the  e  m.  f.  due  to  the  amount  of  discharge. 
Similarly,  the  current  was  about  ^J^  of  the  ordinary  discharge 
rate  of  the  plate,  consequently  there  was  no  appreciable 
modification  in  the  readings  due  to  the  discharge  rate.  The 
total  variation  of  the  "test  cell ''  in  discharge  is,  as  shown  by  the 
curve,  about  -^  of  the  total  variation  of  the  cell  under  test,  say 
.03  volt,  of  which  about  .01  volt  was  due  to  the  negative  and  .02 
volt  to  the  positive.  And  this  variation,  which  Mr.  Beckenzaun 
is  pleased  to  call  ''  inconstancy,"  is  due  entirely  to  the  specific 
gravity  and  temperature  of  the  electrolyte.  The  advantage  of 
using  this  plan  is  evident.  Inasmuch  as  the  temperature  and 
density  of  the  electrolyte  affect  the  *'test  cell"  and  the  cell  under 
test  equally,  and  inasmuch  as  the  "test  cell"  and  the  cell  under 
test  are  of  the  same  nature,  this  plan  enables  us  to  eliminate  the 
effect  of  the  change  of  temperature  and  of  average  density  from 
those  curious  changes  going  on  in  the  plates  which  it  was  my 
endeavor  to  lay  before  the  Institute. 

Third.  Later  on  in  Mr.  Reckenzaun's  communication  he 
appears  to  recommend  the  use  of  a  single  standard  and  refers  to 
the  investigations  of  Dr.  Streintz,  of  Gratz,  Austria,  who  used 
zinc.  I  have  also  used  zinc  in  past  years,  but  abandoned  it  on 
account  of  its  solubility  in  the  electrolyte,  its  tendency  to  deposit 
during  charge  on  the  negative  plate  and  the  false  effects  due 
thereto  and  for  other  reasons.  It  is  true  that  by  using  separate 
cells  and  by  taking  precautions  to  prevent  the  intermingling  of 
the  electrolytes,  it  is  not  impossible  to  obtain  important  results 
with  the  use  of  a  single  standard,  but  unfortunately  it  is  necessary 
to  make  an  exhaustive  and  complete  research  into  the  various 
behaviors  of  the  single  standard  in  the  presence  of  a  varying 
electrolyte  and  a  varying  storaffe-batterv  plate,  before  it  is  possible 
to  be  sure  that  curves  witH  any  single  standard  represent 
anything  but  the  misleading  resultants  of  unknown  and  varying 
factors. 

On  the  other  hand,  by  using  for  the  test  cell,  well-charged 
storage-battery  plates,  which  have  been  allowed  to  stand  until 
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they  have  reached  a  stationary  e.  m.  f.  you  obtain  fixed  and 
invariable  and  scientific  resnlta  because  you  obtain  the  loss  of 

fotential  which  is  due  purely  and  simply  to  the  plate  under  test, 
t  is  as  though  you  measured  the  difference  of  potential  due  to 
the  changes  in  that  one  plate  while  the  opposing  plate  had 
undergone  no  change  from  the  beginning. 

The  use  of  single  standards  will  not  do  this.  They  give 
simply  a  comparison  which  is  not  only  uncertain  in  its  nature, 
as  explained  above,  but  which  has  no  relation  to  the  real  use  of 
storage  batteries. 

Fourth.  It  does  not  appear  whether  Mr.  Eeckenzaun  or  Dr. 
Streintz  is  responsible  for  the  method  which  he  advises  for 
testing  the  relative  capacities  of  the  plates  of^a  storage-battery. 
The  idea  of  forcing  a  current  for  this  purpose  through  a  battery 
which  has  ceased  to  be  active  whether  through  the  exhaustion  of 
one  or  both  of  the  plates,  is,  to  say  the  least,  open  to  criticism. 
If  the  negative  plate,  for  instance,  becomes  exhausted  first,  as 
usually  happens,  forcing  a  charge  through  it  means  charging  it  in 
the  reverse  direction  so  that  you  have  the  anomaly  of  a  negative 
plate  charged,  or  still  worse,  partially  charged  as  a  positive 
opposed  to  a  positive  in  the  same  cell.  The  experiment,  of 
course,  is  interesting ;  in  fact,  I  have  no  doubt  that  this  very 
thing  frequently  occurred  in  former  practice,  in  the  dark  ages  of 
storage-batteries,  when  cells  frequently  got  exhausted  hj  short- 
circuits  and  buckling,  were  straightened  and  cleaned  again,  and 
put  in  service  only  half  charged.  Buckling  and  short-circuiting 
are  happily  things  of  the  past,  but  Mr.  Keckenzaun's  methoa 
would  yield  an  interesting  study  of  the  behavior  of  a  battery 
when  treated  in  the  best  manner  to  ensure  its  destruction. 

Fifth.  Mr.  Keckenzaun  says  in  reference  to  the  continuation 
of  the  discharge  of  a  Faure  cell,  that,  ''if  the  compensation  above 
referred  to  were  made,"  the  curve  would  undoubtedly  be  nearer 
the  horizontal  than  shown.  I  think  there  is  no  reason  for  this 
conclusion  of  Mr.  Eeckenzaun.  The  continuation  of  the  dis- 
charge was  made  with  fresh  plates  of  the  L  type,  the  capacity 
of  vniich  was  many  times  in  excess  of  the  remaining  capacity  of 
the  cells  under  tests, — so  much  so,  in  fact,  that  Uiere  was  no 
appreciable  falling  off  in  potential  on  the  part  of  the  larger  plates, 
and  the  curve  of  the  test  cell  was  therefore  omitted  as 
superfluous. 

Sixth.  The  fall  of  temperature  on  discharge  is  a  diflScult  thing 
to  explain.  Unfortunately  for  Mr.  Reckenzaun's  explanation, 
the  cell  will  sometimes  indicate  a  rise  of  temperature  and  some- 
times a  fall  under  what  appear  to  be,  externally,  at  least,  exactly 
the  same  conditions.  I  am  not  inclined  to  believe  that  such  an 
eminent  scientist  as  Professor  Ayrton  could  have  made  an  error 
due  to  local  action  in  an  idle  cell,  as  Mr.  Keckenzaun  insinuates. 
And  in  this  connection,  as  against  his  theory  that  there  is  a 
marked  rise  of  temperature  whenever  there  is  ^' a  marked  in- 
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crease  in  the  internal  resistance,"  I  will  remind  him  of  the  tests 
which  were  made  under  his  supervision  in  our  Newark  labora- 
tory in  1S87.  In  one  of  these  tests,  the  cell  was  discharged  at 
the  rate  of  40  amperes  to  1.8  volts.  The  records  show  that  the 
temperature  of  the  cell  fell  .9°  F.,  and  at  the  time  when  the  cell 
reached  1.8  volts,  its  temperature  was  actually  .4°  below  that  of 
the  air,  and  yet,  as  everyone  knows,  the  internal  resistance  of 
the  cell  under  those  circumstances  was  at  least  double  its  average 
internal  resistance,  and  the  current  remained  constant  at  40 
amperes.  This  seems  to  be  in  direct  contradiction  of  Mr. 
Reckenzaun's  theory. 

To  be  sure,  such  a  test,  crudely  made  in  a  factory  laboratory, 
has  not  the  weight  of  a  test  made  by  Professor  Ayrton,  assisted 
by  competent  electricians  and  checked  by  all  the  skill  and 
resources  of  a  trained  scientist  for  the  express  purpose  of  in- 
structing the  scientific  world.  But  when  tne  test  conforms  to 
Professor  Ayrton's  results,  it  seems  entitled  to  at  least  as  much 
weight  as  some  other  crude  tests  which  differ  from  these  results. 

In  Professor  Ayrton's  e«periment  he  found  that  the  heat  pro- 
duced by  (7*  R  amounted  to  3,456  calories,  whereas  the  heat  loss 
due  to  the  cell  cooling  down  amounted  in  some  cases  to  12,000* 
calories — ^three  or  four  times  as  much.  Furthermore,  the  heat- 
ing due  to  C^  li  in  a  given  cell  does  not  vary  directly  as  the 
square  of  the  current,  because,  the  internal  resistance  diminishes 
as  the  current  increases,  and  what  is  still  more  curious,  the  e.  m.  f. 
itself  appears  to  increase. 

Mr.  Keckenzaun  talks  of  experiments  in  which  an  excessive 
discharge  rate  increases  the  i.  b.  He  must  have  been  using 
cells  of  extremelv  faulty  design,  or  else  he  must  have  niade  his. 
measurements  after  the  cell  had  exceeded  its  proper  working 
capacity  for  the  discharge  rate,  or  else  he  based  his  statement  on 
guesswork  instead  of  experiment.  I  have  never  known  of  such 
a  case. 

Seventh.  Mr.  Reckenzaun  devotes  some  space  to  what  he 
calls  the  ''queer  behavior"  of  the  negative  plate  in  the  continua- 
tion of  the  discharge  of  the  Faure  curve  and  proves  that  it  is 
'^ queer"  by  an  argument  based  upon  certain  apparent  behaviors 
of  the  electrolytes  as  shown  by  the  curves.  The  facts  are  not  as 
Mr.  Reckenzaun  assumes.  The  relative  proportions  of  electro- 
lyte were  not  the  same  in  the  charge  and  discharge,  and  there  is 
consequently  no  relation  between  the  actual  measurements  of  the 
specihc  gravities  in  charge  and  discharge.  The  specific  gravity 
curves  are  absolutely  independent  of  one  another,  and  if  used 
for  purposes  outside  of  my  paper  should  be  studied  indepen- 
dently. 

The  "queer  behavior"  which  so  impressed  him,  is  what  always 
takes  place  in  the  complete  discharge  of  a  negative  plate  of  good 
construction  and  the  fact  that  some  electricians  did  not  know  of 
this  "queer  behavior"  was  perhaps  a  sufl5cient  reason  for  me  to- 
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mention  it.  The  fact  is  only  '^  atterlj  incredible ''  to  those  who 
are  too  credulous  of  outworn  theories,  and  who  will  not  venture 
to  subject  them  to  actual  test. 

His  explanations,  that  there  might  have  been  short-circuits,  or 
unsuitable  electrolyte,  or  undue  exposure  of  the  ne^tive  to  air, 
display  a  sin^lar  idea  of  scientific  tests.  It  may  be  proper  to 
inform  him  that  such  infinite  precautions  hed^e  about  laboratory 
work  of  this  nature  that  none  of  tliese  things  could  occur. 
Moreover,  the  negative,  even  if  exposed  to  air,  does  not  lose  any 
capacity  whatever  until  it  begins  to  heat ;  and  after  it  has  heated, 
it  does  not  recuperate  to  two  volts,  or  more,  but  behaves  like  an 
entirely  different  material  with  a  much  lower  electromotive 
force.  I  think  all  the  voltage  readings  are  correct  within  two- 
tenths  of  one  per  cent.;  any  possible  errors  in  any  of  the  curves 
are  in  one  direction,  so  that  what  I  particularly  desired  to  set 
forth,  to  wit,  the  relation  between  the  curves,  is  accurately  shown. 

Eighth.  Mr.  Reckenzaun  takes  it  very  hard  that  I  should  have 
said  that  a  very  curious  misapprehension  prevailed  among  some 
battery  people  to  the  effect  that  the  Begative  plate  exceeded  the 
capacity  of  the  positive,  and  he  then  points  out  alleged  short- 
comings of  the  curve  upon  which  he  appears  to  think  I  based  my 
statement.  Of  course,  I  did  not  rely  on  any  one  experiment, 
but  upon  many  hundreds  of  tests.  If  Mr.  Reckenzaun  wants  to 
attack  them  by  repeating  the  tests  under  the  same  conditions,  I 
shall,  of  course,  have  no  objection ;  but  I  must  protest  against 
having  my  curves  demolished  by  faulty  dialectics  based  on  errors 
of  fact. 

1  am  surprised  that  Mr.  Reckenzaun  should  not  have  known 
that  the  negative  plate  in  all  usual  and  commercial  storage- 
batteries  of  good  design  has  less  capacity  than  the  positive,  and 
that  the  curve  at  the  end  of  discharge  for  both  plates  is  for  a 
considerable  space  a  nearly  vertical  line, — the  loss  of  a  volt  in  five 
or  ten  minutes  being  of  usual  occurrence.  His  method  of  testing 
the  relative  capacities  of  the  plates  is  roundabout  and  the  results 
have  evidently  misled  him.  The  simplest  ways  are  the  best. 
My  usual  method  is  to  place  one  plate  between  two  others  of 
several  times  its  capacity  and  discharge  it  to  exhaustion.  In  this 
way  its  curve  is  purely  its  own  curve,  practically  unaffected  by 
anything  but  the  electrolyte,  and  the  insignificant  loss  of  potential 
of  the  larger  plates.  Care  is  taken  to  maintain  the  electrolyte 
at  the  proper  density.  A  similar  curve  is  made  of  the  other 
plate  and  any  changes  of  proportions  which  may  be  desirable 
are  calculated  from  tne  curves. 

Ninth.  The  citation  which  Mr.  Reckenzaun  attributes  to  Dr. 
Frankland  in  support  of  what  appears  to  be  his  theory,  to  wit: 
"only  half  as  much  material  seems  to  be  necessary  for  the 
negative  as  for  the  positive  plate,"  was  made  by  an  anonymous 
writer  in  the  Electrical  Beview,  of  London,  of  August  22d, 
1890,  in  an  article  referring  to  Dr.  Frankland  and  not  by  Dr. 
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Frankland  himself.  It  would  not  be  astonishing,  however,  if 
Dr.  Frankland  had  assumed  this  to  be  true,  as  did  many  other 
scientific  gentlemen  at  that  time ;  but  experiments  of  Crompton, 
Anthony  Reckenzaun,  Drake  and  Gorham,  which  I  have  con- 
firmed myself,  show  that  it  is  not  true.  The  original  idea 
obtained  currency,  I  believe,  because  in  the  original  formation  of 
a  battery  it  took  twice  as  much  energy  to  form  a  given  weight 
of  negative  element  as  it  did  of  positive  element,  and  it  was  then 
supposed  that  on  discharge  after  formation,  the  chemical  processes 
were  reversed  ;  but  such  is  not  the  fact. 

Tenth.  His  reference  to  the  Journal  of  the  Institution  of 
JElectrical  Engineers^  1890-1891,  containing  Professor  Ayrton's 
papers,  is  fortunate,  for  it  contains  a  refutation  of  the*  very 
theories  which  he  is  endeavoring  to  support  by  it.  In  the  discus- 
sion following  one  of  Professor  Ayrton's  papers,  Mr.  Reckenzaun's 
brother  gave  a  clear  and  logical  explanation  of  the  causes  which 
made  it  difiicult,  if  not  impossible,  to  furnish  a  durable  negative 
plate  with  more  capacity  than  the  positive,  and  told  why  the  posi- 
tive plate  in  the  E.  P.  S.  form  of  battery  alwajs  showed  after  the 
■cell  was  discharged,  the  presence  of  a  large  amount  of  lead  per- 
oxide. The  reason  he  gives  for  the  latter  effect  is  that  the  nega- 
tive plates  become  exhausted  too  soon,  in  other  words  had  too 
little  capacity,  and  so  left  the  positive  plates  only  partially  ex- 
hausted and  consequently  with  a  large  excess  of  peroxide.  This 
explanation,  1  thiuK,  is  at  least  partially  true,  inasmuch  as  the 
negative  plate  in  the  principal  batteries  of  the  world,  when  new 
And  in  good  condition  always  becomes  exhausted  first. 

I  ought,  perhaps,  to  add  that  I  referred  to  commercial  batteries 
of  usual  types  and  in  good  condition,  and  not  to  the  abnormal 
types  which  occasionally  make  their  appearance  in  the  market 
with  excessively  large  pellets  of  active  material,  the  centers  of 
which  gradually  grow  inactive. 

In  this  connection,  I  am  sorry  that  Mr.  Reckenzaun  was  not 
more  specific  in  alleging  an  error  in  the  "  enlarged  "  continuation 
-curves.  I  fail  to  find  it.  Both  curves  were  made  directly  from 
the  notes  of  the  tests. 

Eleventli.  The  experiments  which  Mr.  Reckenzaun  performed 
for  us  and  which  he  relates  in  his  paper,  viz :  the  ones  where  he 
reduced  the  thickness  of  the  negative  plates  and  obtained  84 
per  cent,  output  with  38  per  cent,  of  negative  active  material, 
are  also  explained  by  Mr.  Reckenzaun's  brother  in  the  discussion 
before  the  Institution  of  Electrical  Engineers  three  or  four  years 
ago ;  in  a  word,  a  greater  proportion  of  the  spongy  lead  was 
active  in  the  thin  plate  than  in  the  thick  plate. 

Twelfth.  Mr.  Reckenzaun's  curve,  which  he  says  has  the 
^'  general  shape  of  curves  obtained  by  "  his  "  method,"  reached 
me  after  writing  the  above.  I  am  at  a  loss  to  tell  from  his 
-cautious  language,  whether  the  curve  was  purely  hypothetical,  or 
whether  it  was  the  result  of  the  actual  measurements  of  a  round- 
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about  method.  In  either  case,  it  suits  his  argument  in  appearance^ 
and  is  an  admirable  proof  of  the  danger  ot  using  any  but  direct 
methods  of  ascertaining  scientific  facts.  There  is  only  one  safe 
way  of  ascertaining  the  relative  capacities  of  positive  and  nega- 
tive plates  and  that  is  by  measuring  them  independently.  Any 
otlier  way  until  checked  by  a  direct  method  may  involve  mis- 
leadingand  unknown  factors. 

Mr.  Keckenzaun's  curve,  (with  zinc  standard),  shows  an  easy 
slope  for  one-fiftli  of  the  total  discharge  to  zero  on  the  part  of 
the  negative,  and  for  one-third  on  the  part  of  the  positive.  Such 
a  thing  never  occurred  in  a  normal  storage  battery  discharge. 
During  the  latter  part  of  complete  discharge,  the  e.  m.  f.  of  each 
plate  is  always  on  a  mad  rush  to  perdition — measured  not  in 
hours,  but  minutes  or  seconds.  His  curve  is  not  representative 
of  the  behavior  of  a  well  designed  cell  in  normal  discharge,  nor 
even  of  the  worst  commercial  cell  which  has  ever  come  under  my 
notice.  Nevertheless,  the  curve  is  of  a  novel  nature,  and  if  not 
purely  hypothetical  may  open  the  field  in  curious  and  unexplored 
directions. 

I  do  not  recall  at  present  any  other  point  of  importance  in  my 
paper  which  Mr.  Reckenzaun  has  attacked.  I  would  like  to  add, 
however,  that  such  frank,  direct  and  pointed  criticism  as  he  has 
made,  is  always  useful  as  tending  to  give  precision  to  our  ideas. 
Eventually,  of  course,  the  truth  on  whichever  side  it  may  be, 
will  prevail. 
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DISORIMINATINO  LIGHTNINO  ARRESTERS,  AND 
RECENT  PROGRESS  IN  MEANS  FOR  PROTEC- 
TION AGAINST  LIGHTNING. 

BT    ALBXA.NDBB  JAT  WUBT8. 

Pabt  I. — An  Expkrihbkt  with   Ltghtkinq  Abbbstrbs  on  a 
8,000- Volt  Altbbnatinq  Cubbbnt  Cibouit, 

Lightning  storms  in  the  West,  particularly  among  the  moun- 
tains where  water  power  abounds,  have  up  to  the  present  time 
proved  a  serious  drawback  to  the  successful  operation  of  electric 
light  and  power  plants.  In  some  instances  these  plants  are,  by 
reason  of  frequent  and  violent  electric  storms,  practically  in- 
operative during  the  afternoons  of  the  summer  months,  and  now 
that  such  far  reaching  progress  has  been  made  in  the  construction 
of  high  potential  alternating  current  power  transmission  appa- 
ratus, the  subject  of  protection  against  lightning  has  become  of 
vital  importance.  The  ordinary  devices  which  provide  auto- 
matic  circuit  interrupting  attachments,  and  which  are  still  used 
with  doubtful  success  on  circuits  of  low  potentials,  had  signally 
failed  to  do  the  work  required  of  them  on  these  high  potential 
circuits,  and  it  had  become  evident  that  something  radically  new 
was  needed.  During  the  winter  of  1892  and  1893  I  made  a 
searching  investigation  of  this  subject,  experimenting  with  dis- 
ruptive discharges  and  various  kinds  and  combinations  of  appa- 
ratus which  might  promise  advantageous  results,  and  since  that 
time  have  spent  nearly  six  months  in  the  State  of  Colorado^a 
land  of  thunder  storms — testing  the  various  forms  of  apparatus 
which  I  had  designed  as  a  possible  protection  against  lightnings 
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and  have  also  made  a  careful  study  of  such  phenomena  as  pre* 
sented  themselves.  This  work  was  carried  out  with  the  deter- 
mination^'to  construct,  if  possible,  some  form  or  combination  of 
apparatus  which  should  practically  shut  out  lightning  discharges 
from^he  vital  parts  of  a  system,  and  thus  greatly  enhance  the 
possibilities  of  electric  power  transmission. 
,^The  general  requirements  of  efficient  lightning  arrester  appa- 
ratus are :  First.  To  provide  discharge  circuits  which  shall  ope- 
rate automatically  and  repeatedly,  and  which  shall  with  certainty 
avoid j^ dynamo  short-circuits  or   interruption    of   the    system; 


Fig.  1. 
Second.  To  provide  discharge  circuits,  or  so  install  them  that 
they^shall  invariably  offer  a  certain  path  to  ground  for  disrup- 
tive discharges  in  preference  to  any  other  part  of  the  system. 
It  follows  also  from  this  last,  and  as  a  matter  of  practical  experi- 
ence, that  ground  discharge  circuits  should  be  short  and  straight, 
and  that  ground  connections  should  be  of  the  most  approved 
construction. 

The  difficulties  in  the  way  of  meeting  the  above  requirements 
on  circuits  of  high  potential  seemed  at  first  somewhat  serious,  in 
view  of  the  fact  that  many  of  the  arresters  already  used,  had 
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not  only  been  instantly  destroyed  by  the  short-circniting  which 
follows  each  discharge,  but,  in  many  instances,  the  arresters  had 
been  entirely  ignored  by  the  lightning,  the  discharges  preferring 
an  armature  or  converter  to  the  spark  gaps  of  the  arresters.  The 
correct  method  for  overcoming  this  latter  diflSculty  is  to  equip 
the  system  with  a  liberal  distribution  of  liue  arresters,  which,  by 
thus  affording  frequent  opportunities  for  discharge  along  the 
line,  will  greatly  lessen  the  probabilities,  or  rather  necessity,  for 
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discharging  in  the  station.  But  the  country  over  which  most  of 
these  power  transmission  circuits  are  run  is  of  such  a  dry,  barren 
and  rocky  character  as  to  make  it  practically  impossible  to  secure 
proper  ground  connections  along  the  line.  Fortunately,  how- 
ever, parts  requiring  protection  in  these  power  transmission 
plants  are  confined  to  the  ends  of  the  circuits,  so  that  it  became 
possible  to  adopt  the  following  general  plan,  namely :  to  provide, 
first,  an  abundant  discharging  capacity  from  the  line  immedi- 
ately before  entering  the  station  or  power-houses;  and  second, 
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to  interpoee  between  this  point  and  the  parts  to  be  protected, 
8ueh  a  resistance  to  disruptive  discharges  as  should  make  it  a 
matter  of  necessity  rather  than  of  choice,  for  these  discharges  to 
pass  to  earth  over  the  discharge  circuits  provided  for  them. 

The  only  apparatus  which  seemed  at  all  available  for  this  work 
was  the  non-arcing  metal  lightning  arrester,  and  some  efficient 
form  of  choke  coil  which  might  be  connected  in  the  circuit  be- 
tween the  arresters  and  the  apparatus  to  be  protected.  As  i^ 
well  known,  the  1,000-volt  non-arcing  metal  lightning  arrester, 
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which  is  now  almost  universally  used  on  alternating  current  cir- 
cuits (see  Fig.  1),  consists  essentially  of  seven  non-arcing  metal 
cylinders  arranged  side  by  side  with  1-64  inch  spark  gaps  inter- 
vening. The  two  outside  cylinders  are  connected  to  the  respec- 
tive sides  of  the  circuit  and  the  middle  cylinder  to  the  ground, 
thus  forming  a  double  pole  arrester.  For  higher  voltages,  how- 
ever, the  number  of  cylinders  must  be  increased  in  order  to 
prevent  the  dynamo  current  from  following  in  the  path  of  dis- 
ruptive discharges.     Experiments  were,  therefore,  made  to  de- 
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termine  the  number  of  non-arcing  metal  cylinders  and  spark 
gaps  which  wonld  be  necessary  to  interrupt  a  short-circuit  on  a 
8,000-volt  alternator  with  the  potential  raised  to  3,300  volts. 
Nineteen  cylinders,  or  18  gaps,  were  found  to  offer  ample  mar- 
gin, and  the  breaking  down  e.  m.  f.  on  half  this  number  of  gaps, 
which  would  intervene  between  line  and  ground,  was  found  to 
be  about  70  per  cent,  of  the  b.  m.  f.  required  to  break  down  in- 
sulation ordinarily  used  in  a  3,000- volt  generator.  Three  1,000- 
volt  non-arcing  metal  arresters  were,  therefore,  selected  as  offer- 
ing a  convenient  means  of  installing  this  apparatus  (see  Fig.  2). 
It  is  also  well  known  that  coils,  and  even  sharp  turns  in  a  wire 
offer  a  high  inductive  resistance  to  disruptive  discharges.  Vari- 
ous forms  of  choke  coils  were,  therefore,  constructed  and  tested 
with  the  idea  of  determining  those  proportions  which,  for  pre- 
sent requirements,  should  offer  maximum  impedance  with  a  given 
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Fig.  4. 

length  of  wire.  These  experiments  will  be  more  particularly 
described  in  Part  II.  The  form  finally  adopted  was  that  of  a 
flat  coil  about  18  inches  in  diameter,  and  wound  with  lY  turns  of 
wire ;  the  size  of  the  wire  varied,  of  course  with  the  carrying 
capacity  of  the  particular  circuit  into  which  it  was  to  be  con- 
nected. After  further  experimenting  with  various  combina- 
tions of  spark  gaps  and  choke  coils,  it  was  decided  that  the  trial 
apparatus  should  consist  of  eight  choke  coils  and  twelve  1,000- 
volt  non-arcing  metal  arresters  for  each  end  of  each  circuit;  that 
is,  four  choke  coils  should  be  connected  in  series  in  each  leg  of 
each  circuit,  with  discharge  circuits  intervening.  The  relative 
positions  of  these  parts  are  clearly  indicated  in  Fig.  3,  which 
represents  one  end  of  each  of  three  circuits. 

The  theory  upon  which  the  selection  of  this  apparatus  was 
based  will  be  more  generally  discussed  in  Part  II.;  suffice  it  to 
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say  here,  that  disruptive  discharges  form  nodal  points  in  the 
system,  that  is,  points  where  there  will  be  a  minimum  tendency 
to  discharge ;  hence,  to  avoid  these  with  any  degree  of  certainty 
a  multiplicity  of  arresters,  preferably  line  arresters,  should  be 
used.  Choke  coils  form  points  of  reflection,  or  points  where 
there  will  be  a  maximum  tendency  to  discharge — hence  a  dis- 
charge spark  gap  connected  directly  in  front  of  a  choke  coil  is 
more  likely  to  receive  discharges,  than  if  placed  at  some  other 
point  in  the  system.  Properly  constructed  choke  coils  also  offer 
a  very  high  resistance  to  the  passage  of  disruptive  discharges — 
so  that  if  one  or  more  such  coils  be  connected  between  a  dis- 
charge circuit  and  the  apparatus  to  be  protected,  and  if  the 
discharge  circuit  or  ground  wire  be  short  and  straight — the  pro- 
babilities of  safe  discharge  to  earth  will  be  vastly  increased. 
Further,  disruptive  discharges  are  liable  to  divide  and   follow 
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several  paths,  being  governed  by  a  complexity  of  ever  varying 
circumstances.  For  this  reason  it  was  decided  to  connect  several 
choke  coils  in  series,  so  that  should  only  a  portion  of  a  discharge 
pass  across  the  first  arrester,  the  balance  passing  through  the  first 
coil,  a  second  opportunity  for  discharge  would  be  found  at  the 
second  arrester,  which  was  also  connected  in  front  of  a  coil,  and, 
therefore,  at  a  point  of  reflection.  Should  this  remaining  por- 
tion of  the  discharge  again  divide,  a  further  opportunity  for  dis- 
charge would  be  afforded  at  the  third  arrester,  and  so  on,  so  that 
by  the  time  the  fourth  coil  was  reached,  it  was  presumed  that  the 
discharge  would  have  spent  itself. 

Some  of  the  many  experiments  made  to  substantiate  this 
theory  are  exceedingly  interesting  as  well  as  instructive.  Refer- 
ring to  Fig.  4,  A  are  the  terminals  of  a  powerful  influence  ma- 
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chine,  b  is  a  battery  of  Leyden  jars,  o  a  wire  which  may 
represent  the  ground,  and  is  connected  to  the  outside  coating  of 
the  jars,  l  is  a  second  wire  which  may  represent  one  leg  of  an 
electric  circuit ;  a^by  o  and  d  are  choke  coils  connected  into  the 
line  L,  and  in  series  with  each  other ;  2,  3,  4,  and  5  are  inter- 
vening discharge  circuits  containing  spark  gaps;  1  is  a  ^ 
inch  spark  gap  separating  line  l  from  the  inside  coating  of  bat- 
tery B.  If  now  the  battery  becomes  charged  from  the  influence 
machine  a,  a  large  and  violent  disruptive  discharge  will  take 
place  across  gap  1  and  suddenly  charge  line  l.  This  discharge 
will  then  pass  to  earth  g  through  one  oi-  more  of  the  spark  gaps 
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2,  3,  4,  6,  according  to  circumstances.  It  will  be  noted  now,  that 
this  arrangement  of  choke  coils  and  discharge  circuits  is  similar 
to  that  shown  in  Fig.  3.  The  spark  gaps  were  made  of  rounded 
half-inch  brass  rod  adjustable  with  a  1-32-inch  screw  thread. 
The  coils  were  wound  with  No.  0000  wire,  were  3  inches  in 
diameter,  6  inches  long  and  contained  11  turns  each. 

The  following  table  indicates  the  very  interesting  results  ob- 
tained by  varying  the  lengths  of  spark  gaps  2,  3,  4  and  5.  The 
signs  " — ",  '•*"  and  "o"  indicate,  respectively,  a  heavy  dis- 
charge, a  feeble  thread-like  discharge  and  no  discharge. 
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•The  Spark  Gap  Lengths 12  16  6  6  5 

Results,    1st —  0  —  *  0 

2nd —  0  —  0  ♦ 

"         3rd     —  __  —  0  ♦ 

The  Spark  Gap  Lengths 12  16  6  6  6 

Eesults,     1st —  0  —  0  ♦ 

2nd —  0—00 

'*         8rd ; —  0  —  0  * 

The  Spark  Gap  Lengths 12  16  9  6  6 

Results,    1st _  _  _  _  0 

2nd —  —  —  0  ♦ 

3rd —  —  ♦  0  0 

4th —  —0—0 

The  Spark  Gap  Lengths 12  16  10  6  6 

Results,     1st _-  0  ♦  —  0 

2nd -«  —  0  —  ♦ 

The  Spark  Gap  Lengths 12  16  11  6  6 

Results —  0  0  —  ♦ 

The  Spark  Gap  Lengths 12  16  10  10  10 

Results,    Ist —  —  —  —  0 

2nd —  —  _  0  • 

3rd : —  —  —  0  0 

The  Spark  Gap  Lengths 12  20  10  10  10 

Results,     1st —  0  —  —  0 

2nd —  0  —  0  ♦ 

8rd —  0  —  •  0 

When  1  =  12,  2  =  9,  3  =  5i,  4  =  3i  and  5=  1,  the  sparks 
were  about  evenly  divided,  except  that  5  never  sparked  alone  and 
always  gave  thread-like  sparks  when  2  sparked.  These  results 
are  represented  graphically  in  Fig.  6. 

Glancing  now  at  the  above  table  we  notice :  First.  The  difficulty 
that  disruptive  discharges  experience  in  passing  the  coils,  jump- 
ing as  they  do  large  air-gaps  in  preference  to  the  more  circuitous 
but  infinitely  better  conducting  paths  afforded  by  the  coils* 
Second.  The  tendency  for  discharges  to  divide  into  two  or  more 
paths,  part  passing  across  the  first  or  second  gap,  and  the  remain- 
der through  one  or  more  coils  to  a  succeeding  gap,  showing 
thereby  that  a  single  choke  coil  does  not  oflFer  certain  security 
against  the  passage  of  these  discharges.  Third.  The  uncertainty 
of  the  paths  that  will  be  selected  during  a  series  of  tests  where 
the  conditions  are  maintained  as  nearly  constant  as  possible ;  in 
fact,  it  seems  almost  impossible  to  produce  the  same  results  twice 
in  succession.  It  is,  however,  to  be  noticed  that  with  these  four 
choke  coils  in  series  and  spark  gaps  intervening,  the  discharges 
are  so  thoroughly  sifted  out  that  only  an  occasional  thread-like 
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spark  finds  its  way  across  the  last  gap.  With  laboratory  results 
such  as  these,  it  seemed  fair  to  presume  that  results  more  or  lofis 
similar  might  also  be  expected  in  practice. 

The  plant  selected  for  the  trial  of  this  apparatus  was  that  of 
the  San  Miguel  Consolidated  Gold  Mining  Company,  of  Tellu- 
ride,  Colorado,  which  is  equipped  with  a  3,000-volt  alternating 
current  synchronous  system,  operating  stamping  mills,  and  fur- 
nishing current  to  the  Telluride  Electric  Light  Company.  Theee 
points  are  situated  among  the  mountains  at  distances  varying 
from  three  to  ten  miles  from  the  power  house.  Thiee  separate 
circuits  leaving  the  power-house  extend  over  a  wild  and  rocky 
country  and  in  some  places  rise  above  timber  line.  In  previous 
years  every  attempt  to  protect  this  plant  from  lightning  had 
failed.     During  the  summer  months  tw^o  horses  were  kept  con- 
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fltantly  saddled  ready  for  emergencies  consequent  on  lightning 
discharges,  and  at  the  motor  and  power-house  it  was  common 
practice  on  the  approach  of  a  thunderstorm  to  lay  out,  ready  for 
instant  use,  an  extra  armature  coil,  with  all  the  necessary  tools 
for  handling  the  same.  In  one  of  the  former  types  of  arresters 
used  in  this  plant  forty  fuses  were  blown  inside  of  60  minutes. 
The  location  of  each  bank  of  arresters  was  selected  with  par- 
ticular reference  to  securing  permanently  damp  earth  for  the 
ground  plate,  the  lines  being  led  to  this  spot.  The  circuit  was 
thus  made  to  accommodate  itself  to  the  arresters  rather  than  the 
arresters  to  the  circuit.  The  apparatus  was  then  installed  in  a 
specially  constructed  and  weather-proof  lightning  arrester  house 
(see  Fig.  6)  the  arresters  and  choke  coils  being  mounted  on  thor- 
oughly dried  wooden  frames  and  every  precaation  taken  to  insu- 
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late  these  from  the  groand  and  from  each  other.  In  this  manner 
also  it  was  expected  that  the  lightning  discharges  would  be  kept 
entirely  out  of  the  station. 

The  connections  inside  the  power-house  lightning  arrester 
house  are  all  clearly  indicated  in  Fig.  3.  One  main  B.  and  S. 
No.  3  ground  wire  was  used  for  all  the  arresters  in  each  bank, 
unnecessary  kinks  and  bends  being  studiously  avoided. 


Fig.  8. 

The  grounds  which  I  used  were  of  the  most  approved  con- 
struction, and  in  this  respect  were  in  marked  contrast  to  ground 
eonnections  commonly  found  in  practice.  An  old  rusty  casting 
or  an  abandoned  pulley  hooked  onto  the  end  of  a  tangled  piece 
of  scrap  wire,  and  then  thrown  into  a  neighboring  creek  or  the 
tail  race  of  a  mill,  or  a  small  iron  spike  driven  conveniently  into 
dry  earth  or  sand,  form   ground  connections  not   infrequently 
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found  in  practice.  But  my  work  being  only  of  an  experimental 
nature,  a  thoroughly  good  ground  connection  was  thought  to  be 
one  of  the  essentials.  The  ground  connections  were  therefore 
made  as  follows:  First,  a  hole  six  feet  square  was  sunk  directly 
under  each  bank  of  arresters  until  permanently  damp  earth  was 
reached  ;  Second,  the  bottom  of  this  hole  was  covered  with  two 
feet  of  crushed  charcoal  (about  pea  size) — crushed  coke  would 
have  answered  equally  well.  Third,  over  this  was  laid  25  square 
feet  of  No.  IB  copper  plate  ;  Foni*th,  the  ground  wire  was  then 


Fig.  9. 

^rmly  soldered  all  the  way  across  the  ground  plate ;  Fifth,  the 
plate  was  now  covered  witli  two  feet  of  charcoal ;  and  sixth,  the 
hole  was  filled  in  with  earth,  using  running  water  to  settle.  In 
one  instance  permanently  damp  earih  could  not  be  reached; 
water  was  therefore  brought  from  some  considerable  distance 
through  an  iron  pipe  and  run  into  the  upper  earth  of  the  ground 
hole.  In  this  manner  the  entire  ground  construction  was  main- 
tained constantly  damp. 

Observations  were  taken  by  competent  men  at  each  bank  of 
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arresters  during  the  entire  lightning  season,  and  the  results  ob- 
tained indicate  that  the  discharges  occurred  most  frequently  over 
the  second  arresters ;  many  passed  over  the  third  arresters ;  very 
few,  however,  over  the  first  or  fourth.  The  writer  personally 
watched  one  of  these  banks  of  arresters  through  severe  thunder- 
storms and  in  every  instance  the  discharges  noticed  by  him  were 
seen  to  pass  across  the  second  series  of  spark  gaps.  The  dis- 
charges followed  each  other  across  the  cylinders  with  great 
rapidity,  making  peculiar  and  often  startling  sounds,  very  similar 
to  the  cracking  of  a  teamster's  whip,  but  in  no  instance  was  there 
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a  fuse  blown,  or  damage  done  to  the  arresters.  Now,  these  facts 
are  not  only  of  great  practical  importance,  but  are  also  exceed- 
ingly interesting  when  studied  in  connection  with  the  results 
already  mentioned  as  having  been  obtained  with  choke  coils  and 
spark  gaps  in  my  laboratory  experiments.  At  the  end  of  the 
lightning  season  the  non-arcing  metal  cylinders  of  the  arresters 
were  carefully  inspected  and  the  confronting  sides  found  to  be 
covered  with  minute  black  spots  where  the  discharges  had  passed 
from  cylinder  to  cylinder.  These  spots  were  often  centered  with 
very  small,  smooth  exposures  of  the  metal,  but  in  no  instance 
was  there  any  indication  of  beading  or  fusing  together  of  the  ad- 
jacent cylinders. 
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The  net  results  of  this  lightning  arrester  experiment  are  most 
satisfactorily  summed  up  in  the  following  letter  written  by  Mr. 
P.  N.  Nunn,  Electrical  Engineer  of  the  San  Miguel  Consolidated 
Gold  Mining  Company.  I  feel  greatly  indebted  to  Mr.  Nunn 
for  the  kindly  assistance  he  has  rendered  in  carrying  out  these 
tests,  and  take  this  opportunity  to  again  thank  him  for  his  valu- 
able suggestions  and  the  pains-taking  care  with  which  the  instal- 
lation was  made. 

THE  SAN  MIGUEL  CONSOLIDATED  GOLD  MINING  CO. 


Telluride,  Colo.,  October  12th,  1898. 
Mr.  Alexander  Jay  Wurts, 
Pittsburgh,  Pa. 

My  Dear  Sir  : — In  reply  to  your  inquiry  respecting  the  results  obtained  from 
your  lightning  arresters  in  the  operation  of  our  electric  power  transmission 
plant,  we  take  pleasure  in  making  the  following  statement : 

At  the  present  time,  as  you  are  aware,  our  plant  consists  of  a  power  station  at 
Ames,  equipped  with  Westinghouse  alternating  current  generators  of  1100  horse 
power  capacity,  which  supply  current  for  synchronous  motors  in  three  stamp 
mills  at  distances  of  two,  throe  and  ten  miles  respectively,  and  for  lights  in  the 
town  of  Telluride  about  eight  miles  distant.  The  pole  line  runs  over  the  moun- 
tains in  altitudes  varying  from  8,800  to  12,000  feet  above  the  sea  level,  travers- 
ing at  different  places  bare  ridges  of  mountain  divide,  and  large  tracts  of  mag- 
netic mineral.  It  is  thus  petjuliarly  exposed  to  lightning  in  a  district  where 
lightning  is  of  extraordinary  frequency  and  force  at  certain  seasons  of  the  year. 

The  difficulties  of  the  situation  are  further  aggravated  by  the  fact  that  we 
generate  and  utilize  without  transformation,  except  for  lighting  purposes,  an 
alternating  current  of  3,000  volts. 

Despite  the  use  of  an  overhead  grounded  wire  on  our  pole  line,  and  the  best 
arresting  apparatus  we  could  procure,  we  suffered  continual  interruptions  du- 
ring the  lightning  seasons  of  1891  and  1892.  On  one  occasion  five  armature  coils 
were  burned  out  in  a  single  stx>rm.  With  any  other  form  of  armature  this 
would  have  meant  five  burned  out  armatures  ;  but  with  the  toothed  armature 
of  your  machines  it  represented  the  cost  of  five  new  coils  and  a  day's  delay. 
The  frequency  of  the  discharges  of  lightning  was  so  great  that  the  insulation  in 
the  highest  grade  of  cables  and  cores  throughout  the  entire  apparatus  became  so 
honeycombed  with  perforations  as  to  give  rise  to  continual  leakage,  grounds  and 
short-circuits,  requiring  constant  and  expensive  repairs  and  causing  prolonged 
delays. 

Since  putting  in  your  non-arcing  metal  arresters  in  connection  with  your  sys- 
tem of  specially  designed  choke-coils,  we  have  passed  through  the  lightning 
season  of  1893  without  a  particle  of  lightning  having  passed  to  our  knowledge 
beyond  the  arresting  apparatus,  without  a  shut-down,  without  the  loss  of  a  coil, 
and  without  a  single  perforation  of  insulation.  The  experience  of  this  season 
has  given  us  the  greatest  confidence  in  the  efficiency  of  your  apparatus  as  a  pro- 
tection against  lightning. 

(Signed)  P.  N.  Nunn, 

Electrical  Engineer. 
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Pabt  II. — Pbotbction  Against  Lightning  on  Circuits  of 
ANY  Potential. 

A  system  of  protection  against  lightning  discharges  has  been 
designed  by  the  writer,  which  is  applicable  to  circuits  of  any 
potential,  and  although  this  system  has  not  yet  received  a  prac- 
tical test,  the  indications  are  that  it  will  prove  efficient. 

The  proposition  is  to  connect  in  series  with  the  circuit,  and  at 
frequent  intervals,  a  system  of  properly  constructed  choke  coils, 
the  expectation  being,  that  the  energy  stored  in  the  circuit  in  the 
form  of  static  electricity  will,  at  moments  when  there  is  a  ten- 
dency to  a  disruptive  discharge,  dissipate  itself  into  heat  through 
the  electrical  surgings  which  will  be  set  up  between  and  among 
the  several  choke  coils.  In  Fig.  7  there  is  represented  a  power 
transmission  circuit  provided  with  this  system  of  protection 
against  lightning. 

The  theory  upon  which  these  predictions  are  based,  is  more  or 
less  familiar  to  every  electrical  student.  There  exist,  however, 
differences  of  opinion  regarding  some  of  the  points  involved. 
Many  of  my  impressions  are  derived  from  personal  observation, 
and  through  these  I  have  been  led  to  believe  that,  in  many  cases, 
electric  circuits  become  statically  charged  by  contact  with  the 
neighboring  charged  atmosphere,  that  is,  by  conduction  from  it. 
The  charge  on  the  line,  no  doubt,  leaks  to  earth,  so  does  the 
charge  in  the  atmosphere,  but  the  two  are  maintained  at  practi- 
cally the  same  potential. 

The  potential  of  the  atmosphere  surrounding  the  wires  of 
overhead  electric  light  and  power  circuits  is  not  very  high.  At 
the  top  of  Washington  monument,  Washington,  D.  C,  the  dif- 
ference of  potential  between  the  atmosphere  and  the  earth  dur- 
ing the  thunder  storms  is  about  3,000  volts.  If  then  the 
potential  of  an  aerial  wire  is  the  same  as  that  of  the  atmosphere 
intimately  surrounding  it,  the  immediate  source  of  danger  from 
the  static  strain  will  be  inconsiderable.  When,  however,  a 
lightning  discharge  occurs  from  the  clouds,  this  charged  condition 
of  the  wire  becomes  unbalanced,  the  atmosphere  has  been  dis- 
charged and  its  potential  has  suddenly  sunk  to  zero.  The  static 
charge  in  the  wire  having  lost  the  support  of  the  previously 
charged  atmosphere  now  seeks  an  equilibrium,  and  in  so  doing 
sets  up  electrical  waves  which  travel  to  the  extremities  of  the 
system,  or  to  points  of  great  resistance,  and  are  there  reflected 
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to  other  parts  to  be  again  reflected,  and  so  on.  At  these  points 
of  reflection  there  is  an  enormous  strain,  and  a  consequent  ten- 
dency to  ^^  side  flash  "  so  often  causing  the  damage  to  insulation 
which  we  are  seeking  to  avoid.  Such  electrical  disturbances 
consequent  upon  a  lightning  discharge  can  be  observed  in  wire 
fences  and  in  tramway  rails.  In  high  altitudes  even  the  wet 
rocks  are  seen  to  become  luminous,  giving  off  brush  discharges 
at  moments  of  electrical  disturbance,  and  the  human  body  will 
often  feel  that  peculiar  sensation  familiar  to  those  who  handle 
influence  machines,  namely,  a  sudden  and  cool  draught  when  an 
existing  condition  of  electrical  strain  is  broken  down. 

It  is  then  at  these  points  of  reflection  that  the  damage  is  done, 
and  that  we  get  the  impression  of  a  very  high  potential.  An 
armature  insulation  is  pierced  by  the  discharge,  the  dynamo  cur- 
rent follows,  there  is  a  great  flash  accompanying  the  short-circuit, 
several  fuses  let  go  and  the  superintendent  is  informed  that 
lightning  entered  the  station.  As  a  matter  of  fact,  it  is  probable 
that  the  discharge  has  made  a  hole  in  the  insulation  no  larger 
than  the  prick  of  a  pin  or  perhaps  that  of  a  pin  head,  wKich  in 
most  cases  is  greatly  enlarged  by  the  dynamo  current. 

There  are  other  methods,  however,  by  which  circuits  probably- 
become  charged;  namely,  by  static  induction  from  clouds  and  by 
dynamic  induction  from  cloud  discharges.  It  is  probable  that 
these  also  set  up  electrical  surgings  in  the  circuit  and  that  the 
danger  to  insulation  occurs  at  points  of  reflection.  I  am  also  in- 
clined to  believe  that,  although  a  line  is  seldom,  if  ever,  struck 
by  a  direct  lightning  discharge,  it  occasionally  becomes  charged 
by  some  of  the  ramifications  which  are  often  seen  to  accompany 
a  lightning  stroke. 

Fig.  8  is  an  example  of  what  might  be  called  a  direct  discharge, 
and  to  the  best  of  my  knowledge  there  is  no  evidence  to  show 
that  such  discharges  strike  electric  wires..  In  Fig.  9,  there  is 
represented  a  lightning  discharge  accompanied  by  ramifications 
which  wander  off  in  a  seemingly  aimless  manner,  but  which,  no 
doubt,  find  their  way  to  bodies  or  strata  of  air  variously  electri- 
fied. I  am  inclined  to  believe  that  at  times,  some  of  these  rami- 
fications find  their  way  into  electric  circuits. 

A  curious  freak  which  came  under  my  observation  last  summer 
is  illustrated  in  Fig.  10.  t  represents  an  overhead  trolley  wire, 
on  either  side  of  which  are  wooden  poles,  h  is  a  bell-shaped  in- 
sulator made  of  compressed  mica  and  shellac.     These  insulators 
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easily  withstand  an  electric  strain  of  12,000  volts,  r  is  an  iron 
ring  holding  the  span  wire  to  the  pole.  .  b  is  a  branch  circuit 
feeding  current  to  a  group  of  lamps  o^  and  l  is  a  lightning  ar- 
rester in  its  discharge  circuit,  o^  is  a  second  group  of  lamps. 
The  distance  between  h  and  b  is  about  50  feet.  After  a  violent 
thunder  storm  it  was  noticed  that  one  of  these  poles  had  been 
shattered  from  the  top,  down  to  the  iron  ring,  the  remaining  por- 
tion being  uninjured.  This  had  been  done  by  lightning,  and  in 
th*i  opinion  of  the  writer,  by  one  of  the  ramifications  to  which 
allusion  has  already  been  made.  In  any  case,  this  discharge^ 
whatever  it  may  have  been,  passed  over  the  span  wire  to  the  bell 
insulator  h,  piercing  it  and  breaking  it  into  three  pieces,  then 
travelled  along  the  trolley  wire  to  b,  where  it  apparently  divided, 
one  part  passing  to  the  group  of  lights  g',  breaking  them  all,  ten 
in  number,  and  the  other  part  to  earth  through  the  arrester  l, 
without  in  any  way  interfering  with  the  group  of  lights  o^  It 
is  quite  remarkable  to  note  that  none  of  the  parts  damaged  by 
this  discharge  showed  any  indications  of  heat. 

During  the  past  summer  I  have  watched  many  discharges 
enter  a  generating  station  over  idle  wires  and  pass  to  earth  across 
simple  carbon  spark  gaps  provided  with  No.  18  copper  wire  fuses. 
The  discharges  gave  a  crackling  sound  similar  to  that  of  dis- 
charges from  a  Leyden  jar,  and  in  some  instances  where  I  had 
placed  pieces  of  tissue  paper  between  the  electrodes  of  the  spark 
gaps,  the  papers  were  perforated  with  small  holes.  In  one  in- 
stance only  which  came  under  my  observation  did  the  copper 
wire  fuse  melt.  An  apparently  prolonged  discharge  passed  over 
one  of  the  spark  gaps  with  a  hissing  sound,  raised  the  tips  of  the 
carbon  electrodes  to  a  white  heat  and  fused  the  copper  wire  cut- 
out, the  time  taken  being  approximately  two  seconds,  which 
would  indicate  in  the  neighborhood  of  160  amperes.  I  believe 
this  discharge  to  have  been  part  of  a  true  lightning  discharge — 
one  of  its  ramifications— but  in  the  great  majority  of  cases  the 
discharges  are  small,  and  in  this  respect  bear  no  comparison  to 
cloud  discharges. 

Now,  if  the  "electrical  surgings"  theory  be  correct,  I  believe 
that  these  dangerous  points  of  reflection  can,  by  means  of  pro- 
perly distributed  and  effective  choke  coils,  be  confined  to  long 
lines  and  made  to  wear  themselves  out.  as  it  were,  between  the 
coils.  In  this  manner  frequent  points  of  reflection  would  be  dis- 
tributed over  the  system.     Primary  waves  set  up  during  electri- 
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cal  disturbances  would  be  broken  into  smaller  waves,  whieb, 
surging  back  and  forth  between  the  coils  or  points  of  reflection, 
would  finally  become  dissipated  and  their  energy  pass  off  into 
heat. 


Fig.  11.  Fig.  18. 

The  number  of  coils  which  it  would  he  necessary  to  use  for  a 
given  length  of  circuit  has  not  yet  been  determined,  but  the 
writer  would  suggest  placing  four  to  each  mile  of  single  wire. 
For  convenient  accomodation  on  the  poles  these  can  be  arranged 
alternately  on  the  two  legs  of  the  circuit,  thus  avoiding  two  coils 
on  any  one  pole. 

Should  such  a  system  of  protection  against  lightning  be  found 
efficient,  its  many  advantages  over  the  discharge  circuit  method 
would  be  obvious,  particularly  in  a  country  where  good  ground 
connections  are  costly,  and  often  impossible  to  construct. 

The  general  form  and  dimensions  of  these  choke  coils  is  a  mat- 
ter of  considerable  importance.  Dr.  Lodge  states,  I  believe,  that 
for  disruptive  discharges  a  flat  spiral  will  offer  maximum  impe- 
dance with  a  given  length  of  wire.  To  the  best  of  my  knowledge, 
however,  Dr.  Lodge  makes  no  mention  of  the  number  of  turns 


Fig.  12.  Fio.  14. 

which  may  be  advantageously  used.  I  have  found  by  experiment 
that  the  impedance  or  resistance  to  the  passage  of  disruptive  dis- 
charges does  not  continuously  increase  with  the'number  of  tarns, 
but  that  a  critical  point  is  rapidly  reached,  beyond  which  addi- 
tional turns  do  not  add  appreciably  to  the  impedance  of  the  coil. 
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The  critical  point  was  determined  in  the  following  manner.    A 
large  flat  coil  was  constructed,  having  the  following  specifications : 

SisBe  of  wire No.  0 

Number  of  turns. , 84 

Outside  diameter .   30' 

Inside         *•        3" 

The  wire  was  carefully  insulated  so  that  the  discharges  could 
not  pass  between  consecutive  convolutions. 

This  coil  was  then  connected  up  in  the  usual  manner  for  de- 
termining impedance^  the  general  arrangement  of  the  apparatus 
being  shown  in  Figs.  11,  12,  13  and  14,  where  b  is  a  variable 
shunt  spark  gap,  one  tenninal  of  which  is  permanently  connected 
to  either  terminal  of  the  coil,  while  the  other  is  provided  with 
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a  sharp  metallic  point  fastened  to  a  short  flexible  cord.  The 
sharp  point  was  used  to  pierce  the  insulation  of  the  coil,  thereby 
reaching  the  copper  of  any  convolution,  and  also  in  this  manner 
providing  a  means  for  shunting  any  desired  portion  of  the  coil 
by  the  spark  gap  b.  Spark  gaps  a  and  b  were  varied  by  means 
of  a  thirty-second  of  an  inch  screw  thread,  so  that  the  dimensions 
of  these  gaps  are  given  in  thirty-seconds  of  an  inch. 


856 


WUBT8  ONLIQHTNINQ  ARRB8TER8. 


[May  16. 


Ektch  determination  was  made  by  sknnting  with  the  gap  b  that 
portion  of  the  coil  whose  impedance  was  desired,  and  then  vary- 
ing the  length  of  b  until  the  discharges  were  about  evenly  divided 
between  the  coil  and  the  gap.  In  the  following  table  are  given 
the  values  of  b  and  the  number  of  convolutions  shunted  by  the 
gap  in  each  determination. 


No.  of  Turns. 
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In  the  first  colunm  are  given  the  number  of  convolutions 
shunted  by  the  spark  b. 

Column  1  B  gives  the  values  of  b  under  conditions  shown  in 
Fig.  11,  with  A  equals  12  and  with  rounded  electrodes  at  b. 

Column  2  B  gives  the  values  of  b  under  conditions  shown  in 
Fig.  12,  with  A  equals  12  and  with  rounded  electrodes  at  b. 

Column  3  B  gives  the  values  of  b  under  conditions  shown  in 
Fig.  13,  with  A  equals  12  and  with  rounded  electrodes  at  b. 

Column  4  B  gives  the  values  of  b  under  conditions  shown  in 
Fig.  14,  with  A  equals  12  and  with  sharp  electrodes  at  b. 

Column  5  B  gives  the  values  of  b  under  conditions  shown  in 
Fig.  13,  with  A  equals  15  and  with  rounded  electrodes  at  b. 

For  convenience,  these  results  are  graphically  represented  in 
Figs.  15,  16  17,  18  and  19,  and  we  note,  first,  that  in  each  case 
a  positive  maximum  impedance  is  reached,  beyond  which  addi- 
tional tui'ns  do  not  affect  the  results  ;  second,  that  with  the  ex- 
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ception  of  the  results  shown  in  Fig.  15,  the  impedance  does  not 
increase  beyond  abont  the  17th  turn ;  third,  that  with  both  ter- 
minals of  the  coil  permanently  connected  to  the  discharge  circuit 
(see  Fig.  15),  the  increase  of  impedance  is  more  gradual  than 
when  only  one  terminal  is  so  connected  ;  fourth  that  when  per- 
manent connection  is  made  to  the  outside  of  the  coil.  Fig.  16, 
the  increase  is  more  rapid  than  when  permanent  connection  is 
made  at  the  center,  Fig.  17,  in  other  words,  a  single  turn  on  the 
outside  offers  more  impedance  than  a  single  turn  nearer  the 
center ;  for  equal  lengths  of  wire,  however,  the  turns  near  the 
center  offer  greater  impedance :  fifth,  that  increasing  a  slightly 
decreases  the  number  of  turns,  Fig.  19  ;  sixth,  that  using  points 


Fig.  20. 

at  B,  instead  of  knobs,  does  not  materially  change  the  results, 
other  than  to  make  the  path  selected  by  the  discharge  somewhat 
more  uncertain,  as  will  be  noticed  by  the  irregular  curve  shown 
in  Fig.  18.  The  coils  which  I  have  constructed  have  been  wound 
witU  reference  to  the  critical  point. 

Dr.  Lodge  haA  also  experimented  with  such  coils  in  connection 
with  iron  cores,  and  found  that  the  impedance  is  not  appreciably 
affected  by  their  introduction.  I  have  also  experimented  in  this 
line,  and  have  naturally  surprised  myself  by  obtaining  quite 
different  results.  It  is,  however,  to  be  supposed,  in  view  of  Dr. 
Lodge's  masterly  study  of  this  subject,  that  my  conditions  have 
in  some  way  differed  from  his.     I  found  that  upon  the  introduc- 
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tion  of  a  small  bundle  of  iron  wires  into  the  core  of  a  coil,  the 
impedance  to  disruptive  discharges  was  reduced  neaily  2ft  per 
cent.  The  cause  of  this  was  at  onCe  made  apparent  by  the 
beautiful  sparks  which  were  seen  to  appear  among  the  iron  wires 
of  the  core  upon  the  passage  of  each  disruptive  discharj^. 
These  iron  wires,  of  course,  form  among  themselves  clcMaed 
secondaries  to  the  primary  coil,  and  in  this  manner  also  very 
beautifully  illustrate  the  oscillatory  character  of  the  dit-eharge. 

A  convenient  mechanical  analogy  for  this  electrical  sui^ngs 
system  may  be  found  in  hydraulics.  Referring  to  Fig.  20  Ifit 
M  represent  a  water  main  closed  at  either  end ;  f  p  a  supply 
and  outlet ;  d  d  etc.  perforated  elastic  diaphragms  If  now  an 
impulse  be  imparted  to  the  water  at  e,  as  by  a  blow,  a  wave  will 
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Fig.  21. 

tend  to  travel  from  one  end  of  the  main  to  the  other,  and  if  it 
were  not  for  the  diaphragms,  this  wave  would  either  burst  out 
the  opposite  end  of  the  pipe  or  be  reflected  back  and  forth  un- 
til the  energy  of  the  wave  had  become  transformed  into  heat. 
The  presence  of  the  diaphragms,  however,  will  tend  to  break  up 
the  initial  wave  and  confine  the  surgings  to  comparatively  sfnall 
portions  of  the  pipe.  At  the  same  time  the  perforations  in  ihe 
diaphragms  allow  of  a  continuous  flow  of  water  under  pressure. 
In  the  electrical  system  the  choke  coils  are  supposed  to  break  up 
the  electrical  surgings,  much  as  these  diaphragms  break  up  the 
water  surgings,  and  at  the  same  time  the  coils  do  not  materially 
interfere  with  the  passage  of  the  dynamo  current.  The  coils 
cause  points  of  reflection  to  occur  where  an  excessive  static  strain 
can  do  no  harm.     The  ends  of  the  circuit,  which  are  the  vital 
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parts  of  an  electric  power  transmiBBion  system,  are  thus  shielded 
by  the  coils  and  the  energy  of  the  static  charge  is  harmlessly 
transformed  into  heat. 

It  has,  however,  been  mentioned  in  Part  I.  that  coils  are  not 
absolutely  impervioas  to  disruptive  discharges.  A  discharge 
entering  a  coil  meets  with  continuous  resistance  and  is  finally  all 
or  partially  reflected ;  in  other  words,  a  coil  is  not  a  stone  wall,  and 


Fig.  22. 
does  not  necessarily  confine  the  point  of  intense  electrical  strain 
to  the  first  inch  or  two  of  the  coil.  The  discharge  penetrates  the 
coil  and  often  causes  "  side  flash  "  to  occur  well  within  its  inte- 
rior. In  my  m.echanical  analogy  therefore  I  have  represented 
this  yielding  opposition,  as  it  were,  by  elastic  diaphragms. 

Pabt  III. — Discriminating  Lightning  Abrkstkrs. 
Tke  Condenser  Lightning  Arrester. — The  discovery  and  prac- 
tical application  of  non-arcing  metal  to  alternating  current  cir- 
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cuits  about  two  years  ago,*  has  indicated  the  possibility  of 
constructing  a  discriminating  lightning  arrester,  as  it  were,  for 
direct  current  circuits ;  that  is,  an  arrester  which  should  not  re- 
quire the  usual  automatic  circuit  interrupting  attachment,  but 
which,  by  virtue  of  its  material  or  construction,  should  allow 
static  electricity  to  pass  and  prove  an  effectual  barrier  to  the 
dynamo  current. 

The  first  step  taken  in  this  direction  was  to  carefully  analyze 
the  conditions,  and  the  general  conclusions  arrived  at  were  as 
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follows  :  A  circuit  becomes  charged  in  various  ways  with  static 
electricity  tending  to  earth.  These  charges  are,  in  a  majority  of 
cases,  small  and  of  no  considerable  intensity.  The  surgings  in  the 
system  find  points  of  reflection  which  also  become  points  of 
greatly  increased  tension.  The  earth  is  the  great  reservoir  (to 
use  common  language)  for  these  discharges.  This  reservoir  is, 
however,  unnecessarily  large  for  the  accommodation  of  line  dia- 
charges.  Might  not  smaller  reservoirs  be  made — ^little  earths 
insulated  from  tlie  mother  earth  ?  If  the  circuit  were  connected 
i.  Tramsactionb,  vol.  ix  ,  p.  102,  1892. 
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<lirectly  or  through  spark  gaps  to  such  little  earths,  these  danger- 
ous snrgings  might  be  broken  up  and  the  line  safely  discharged 
without  a  possibility  of  the  dynamo  current  following.  Each 
spark  gap  in  each  of  such  discharge  circuits  would  then  form  a 
discriminating  lightning  arrester,  but  these  little  earths  would  be 
nothing  more  nor  less  than  one  coating  of  a  condenser — the 
mother  earth  a  common  coating  to  them  all.     Why  not  then  use 
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condensers,  connecting  one  side  to  line,  the  other  to  earth  through 
a  spark  gap  'i 

One  difficulty  immediately  presented  itself.  After  the  con- 
denser had  become  charged  how  was  it  to  become  discharged  ? 
To  be  successful  it  must  be  self-discharging,  and  not  only  this, 
but  the  discharge  must  take  place  in  such  a  manner  that  no 
dynamo  current  should  follow.     Therefore,  to  discharge  the  con- 
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denser  disniptively  was  at  once  out  of  the  question.  Experi- 
ments in  this  line  led  lirst  to  the  application  of  a  wet  string  to 
the  terminals  of  a  condenser,  the  idea  being  to  leak  out  the 
charge  through  an  ohmic  resistance  sufficiently  great  to  prevent 
an  appreciable  flow  of  dynamo  current.  A  two  m.  f.  condenser 
provided  with  a  wet  string  leak  was  treated  with  violent  disrup- 
tive discharges  from  a  battery  of  Ley  den  jara,  and  upon  imme- 
diately applying  the  tongs  to  the  terminals  of  the  condenser  after 
the  crack  of  the  discharge,  not  the  smallest  trace  of  a  charge 
could  be  ^ieteeted.  When  the  string  was  removed  or  had  be- 
come dry  the  charge  was  retained.  Evi<fefltly  a  wet  string 
would  not  answer  as  a  permanent  leak.     Various  compositions 
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of  plumbago  with  moulding  sand,  red  lead  and  pla8ter-of-pari& 
were  pressed  into  a  tube  and  used,  but  these  all  proved  uns:  tis- 
factory,  being  unreliable.  In  many  instances  this  composition 
leak  would,  before  testing  with  the  condenser,  have  a  resistance 
of  30,000  ohms,  and  after  a  single  discbarge  it  would  be  found 
that  this  resistance  had  increased  to  many  hundred  thousand 
ohms.  This  was,  perhaps,  due  to  the  flying  apart  of  the  plumbago 
particles  under  the  influence  of  the  discharge,  and  so  breaking 
the  continuity.  Finally,  a  pencil  mark  over  ground  glass  was 
suggested  and  this  was  found  to  work  admirably.  A  medium 
pencil  was  rubbed  back  and   forth  over  a  strip  of  ground  glass^ 
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making  a  narrow  shining  strecdc  having  a  resistance  of  from 
40,000  to  50,000  ohms.  Rubbing  with  the  hands  did  not  seem 
to  appreciably  change  this  resistance.  Broad  4>]ack  pencil  marks 
were  made  on  the  ends  for  better  contact,  and  connection  to  the 
terminals  of  the  condenser  was  obtained  through  aluminium  foil, 
both  glass  and  foil  being  protected  on  the  bottom  by  the  wooden 
case  of  the  condenser,  and  on  top  by  a  small  inverted  wooden 
trough.     A  condenser  provided  with  such  a  pencil  mark  leak, 


Fig.  26. 


was  now  connected  to  a  500-volt  direct  cuirent  circuit  and  to 
apparatus,  as  shown  in  Fig.  21.  l  was  a  50ii-volt  direct  current 
genemtor;  l  one  leg  of  the  circuit,  which  may  represent  a  trol- 
ley wire ;  o  the  other  leg  of  the  circuit,  and  which  may  repre- 
sent the  ground  return  :  k  the  two  m.  f.  condenser  with  its  high 
resistance  leak  Z  /  c  a  small  spark  gap  in  series  with  the  conden- 
ser, and  in  the  discharge  circuit ;  b  was  a  f|  inch  spark  gap 
over  which  disruptive  discharges  would  pass  from  the  batterj-  of 
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Leyden  jars  (11),  and  in  this  manner  suddenly  charge  the  hne  l. 
The  most  violent  disruptive  discharges  that  could  be  obtained  in 
the  laboratory  were  unable  to  damage  either  the  generator  or 
the  condenser.  A  small  spark  gap,  a  trifle  larger  than  c,  con- 
nected either  in  series  or  in  shunt  to  the  generator  failed  to  take 
any  of  the  discharges,  thus  demonstrating  the  ease  with  which 
the  discharges  were  received  by  the  condenser.  Such  tests  were 
continued  for  half  an  hour  at  a  time,  the  discharges  following 
each  other  in  rapid  succession,  but  the  condenser  was  ever  ready, 
being  kept  constantly  discharged  by  the  high  resistance  leak. 
Of  course,  the  resistance  of  the  leak  was  sufficient  to  prevent 
the  formation  of  an  arc  at  c.  The  terminals  of  the  leak  were 
also  too  far  apart  to  permit  the  condenser  to  discharge  disrup- 
tively.     This  device  ensures  all  the  requirements  of  a  discrimi- 
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nating  lightning  arrester,  and  in  this  form  seemed  admirably 
adapted  for  station  and  indoor  use  on  500- volt  direct  current 
circuits. 

For  line  or  outdoor  ase  the  condenser  was  placed  in  a  suitable 
cast-iron  box,  one  terminal  of  the  condenser  being  grounded  to  it, 
while  the  other  was  led  out  through  a  specially  designed  and 
water-tight  bushing.  If  then  this  iron  box  were  buried  in  damp 
earth,  as  a  ground  plate,  so  to  speak,  the  outer  terminal  connected 
to  the  lower  electrode  of  a  small  spark  gap  placed  on  a  pole,  and 
the  upper  electrode  of  the  gap  connected  to  the  line,  the  combin- 
ation would  constitute  a  discriminating  line  lightning  arrester. 
See  Fig.  22. 

Practical  tests  have  been  made  during  the  past  summer  with 
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both  statioD  and  line  condenser  lightning  arresters,  and  the  results 
obtained  have  been  most  gratifying.  The  plant  in  which  the 
apparatus  was  installed  was  that  of  the  Denver  Tramway  Com- 
pany, Denver,  Colorado,  in  a  locality  where  lightning  storms  are 
particularly  severe  and  of  frequent  occurrence.  This  plant  ex- 
tends over  a  vast  amount  of  territory  and  no  attempt  was  made 
to  protect  it  as  a  whole  with  these  arresters.  The  experiences  of 
this  company  with  automatic  lightning  arresters  on  the  line  had 
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been  extremely  unsatisfactory,  and  as  a  tinal  measure  they  had 
resorted  to  simple  carbon  gaps  liberally  distributed  over  the  sys- 
tem, depending  upon  the  station  circuit-breakers  to  interrupt  the 
short-circuits.  This  combination,  however,  worked  satisfactorily 
near  the  station  only;  at  any  considerable  distance  therefrom,  the 
drop  on  the  line  was  such,  that  even  a  short-circuit  across  these 
spark  gaps  failed  to  trip  the  breakers.  The  arc  therefore  con- 
tinued until  it  had  burned  itself  out,  which  in  many  cases  was 
not  accomphshed  until  the  top  of  its  wooden  pole  had  been 
burned  off. 


966  WURT8  ON  LIOHTNINQ  ARRE8TKR8.  [May  1 6. 

The  installation  of  theee  condenser  lightning  arresters  consisted 
of  five  arresters  on  the  line  and  44  spark  gaps  with  11  condensers 
in  the  station.  The  station  spark  gaps  were  also  provided  with 
two  specially  constructed  choke  coils  for  each  feeder.  The  orig- 
inal arrangement  of  this  apparatus  is  shown  in  Fig.  23.  a  is  the 
generator ;  f  f  etc.  the  feeders ;  1,  2,  3,  4,  etc.  the  44  spark  gaps 
alluded  to;  c  1,  c  2  the  two  choke  coils  in  series  with  each 
feeder ;  s  represents  the  circuit-breakers  and  k  Keystone  light- 
ning arresters ;  c  is  a  bank  of  four  2  m  f  condensers,  making  a 
common  ground  for  the  44  spark  gaps ;  t  is  a  tank  lightning 


Fig.  29. 

arrester ;  o  is  an  overhead  ground  return  ;  5  a  spark  gap  in  the 
ground  wire  of  the  44  spark  gaps.  A  tell-tale  piece  of  tissue 
paper  was  placed  in  this  gap,  which,  becoming  punctured,  would 
at  once  indicate  and  register  the  passage  of  a  ditcharge  across 
any  of  the  44  spark  gaps. 

The  first  thunder  storm  which  occurred  after  this  apparatus 
had  been  installed  gave  unlooked  for  results.  The  tell-tale  paper 
at  5  failed  to  indicate  any  discharge  whatever— the  spark  gaps 
1,  2,  3  and  4,  which  were  placed  in  the  cupola  were  examined 
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iind  many  of  these  fouud  to  be  badly  burned.  At  first  thought, 
this  indicated  some  path  to  earth  other  than  that  provided 
through  gap  5  to  the  condensers.  Tests  for  a  ground,  however, 
failed  to  prove  this  to  be  the  case.  A  succeeding  storm  repro- 
duced these  same  strange  results.  A  more  careful  study  of  the 
problem,  now  disclosed  the  fact  that  as  the  circuit-breakers  were 
frequently  thrown  open  during  thunder  storm?,  the  feeders 
which  were  thus  opened  became  ground  wires,  being  grounded 
through  their  respective  motors.     Consequently,  live  feeders  dis- 
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charged  into  these  dead  or  grounded  feeders  and  vice  versa^  form- 
ing arcs  which  burned  the  carbon  electrodes  of  the  several  spark 
gaps  according  to  the  amount  of  current  taken  by  the  respective 
feeders. 

Fresh  carbon  electrodes  were  subsequently  provided,  and  a 
single  condenser  connected  to  each  group  of  spark  gaps  on  the 
individual  feeders,  which  arrangement  would  prevent  the  possi- 
ble re-occurrence  of  arcing  between  feeder?. 

The  line  arresters  had,  however,  in  the  meantime  been  care- 
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fully  watched,  and  after  every  storm  the  tell-tale  papers  were 
collected  and  found  to  be  perforated  with  a  greater  or  less  num- 
ber of  small  holes,  each  hole  being  slightly  discolored  around  the 
edges. 

Tiie  sensitiveness  of  these  condenser  arresters  was  particularly 
noticeable,  in  that  the  tell-tale  papers  were  found  to  be  punctured 
at  the  slightest  provocation,  when  in  fact  no  considerable  thunder 
storm  had  passed  over  the  lines,  and  yet,  sensitive  as  they  were 
to  slight  charges  on  the  line,  it  is  remarkable  to  note  that  the  sim- 
ple carbon  spark  gaps  belonging  to  the  local  company,  which  have 
already  been  mentioned,  and  which  provided  a  gap  |  inch  between 
electrodes,  frequently  received  discharges  in  preference  to  the 
minute  spark  gap  of  a  neighboring  condenser  line  arrester.  Such 
occurrences  coupled  with  many  others  of  a  similar  nature  point 
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to  the  existence  of  nodal  points,  and  the  necessity  of  distributing 
line  arresters  at  frequent  intervals  over  the  system. 

In  fact  a  lightning  arrester  connected  directly  to  the  terminals 
of  a  generator  or  motor  offers  no  absolute  guarantee  of  protection 
to  this  particular  piece  of  apparatus.  The  presence  of  the  arres- 
ter simply  offers  an  opportunity  for  discharge.  The  discharge 
may  occur  in  the  armature,  or  it  may  occur  through  the  arrester, 
according  to  the  particular  conditions  existing  at  the  time  of  each 
discharge.  The  arrester  could  have  a  comparatively  large  spark 
gap,  and  the  breaking  down  strain  of  the  armature  insulation  be 
low,  and  still  the  discharge  might  prefer  the  large  gap  to  the 
weaker  insulation,  while  on  the  other  hand  the  arrester  could 
have  a  very  small  spark  gap  and  the  armature  be  provided  with  , 
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the  highest  grade  of  insulation,  yet  in  some  cases  this  insulation 
would  be  pierced  by  the  discharge  in  preference  to  the  small 
spark  gap  of  the  neighboring  arrester.  A  striking  example  of 
this  possibility  is  illustrated  in  Fig.  24.  a  is  a  type  of  strain-wire 
insulator  which  is  ordinarily  capable  of  withstanding  from  15,000 
to  20,000  volts.  B  shows  a  wire  connecting  an  overhead  return 
to  the  ground  wire  return.  The  distance  between  wire  b  and  the 
iron  hoop  holding  the  strain  wire  is  about  one  inch.  During  a 
violent  thunder  storm  the  insulator  a  was  punctured  by  a  dis- 
charge which  passed  from  the  trolley  wire  through  the  insulator 
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to  the  iron  hoop,  and  thence  across  the  one-inch  air  space  to  the 
grounded  wire  b,  and  this  very  high  ohmic  resistance  path  was 
taken  in  preference  to  a  neighboring  line  arrester  having  a  small 
spark  gap.  Had  an  arrester  been  connected  at  this  point,  there 
is  no  question  but  that  the  arrester  would  have  taken  the  dis- 
charge, but  by  reason  of  the  nodal  points  which  are  formed  along 
the  line  by  the  electric  surgings,  a  lightning  arrester  100  yards 
away,  although  it  is  liable  to  take  a  large  proportion  of  thejdis- 
charges,  does  not  by  any  means  offer  an  absolute  guarantee  of 
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protection  to  a  neighboring  piece  of  apparatus.  A  large  number 
of  line  arresters,  that  is,  a  large  number  of  opportunities  for  dis- 
charge, is  the  surest  means  of  securing  efScient  protection. 

The  results  obtained  with  these  condenser  arresters  have  ex- 
ceeded my  expectations,  and  in  my  opinion  have  thrown  consid- 
erable light  on  the  intensity  and  volume  of  discharges  commonly 
found  in  electric  light  and  power  circuits.  During  my  two 
months'  stay  in  Denver  not  a  single  condenser  was  disabled,  nor 
were  any  of  the  tell-tale  papers  burned.  I  have  with  me  a  few 
of  these  perforated  papers  which  T  shall  be  glad  to  have  you 
inspect.  I  was  not  present  in  Denver  after  the  burned  out  spark 
gaps  in  the  station  had  been  replaced,  and  am  therefore  not  in 
possession  of  any  further  data  from  that  source.  But,  in  Colorado 
Springs,  where  I  spent  the  next  following  six  weeks,  I  connected 
three  of  these  condenser  arresters  in  the  station  of  the  Colorado 
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Springs  Bapid  Transit  Railway  Company,  and  was  treated  to 
many  violent  thunder  storms,  through  all  of  which,  these  arresters 
showed  a  wonderful  capacity  for  repeatedly  and  rapidly  discharg- 
ing the  line.  Through  many  of  these  storms  the  discharges 
passed  the  spark  gaps  as  many  as  twenty  times  a  minute,  com- 
pletely riddling  the  tell-tale  papers. 

I  may,  therefore,  say  with  emphasis,  that  the  condenser  light- 
ning arrester  has  proved  itself  most  eflScient  in  points  of  sensi- 
tiveness, durability  and  general  reliability.  In  actual  service  it 
has  demonstrated  the  successful  construction  of  a  truly  discrimi- 
nating direct  current  lightning  arrester. 

The  NonrArcing  Railway  Lightning  Arrester. — I  have,  how- 
ever, designed  a  lightning  arrester  which  is  much  smaller, 
cheaper  and,  perhaps,  in  every  way  more  desirable  than  the 
condenser  arrester.   It  is  also  a  discriminating  lightning  arrester. 
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I  had  frequently  noticed  what  is  probably  familiar  to  many  of 
jou,  namely,  that  a  disruptive  discharge  will  leap  over  a  non- 
conducting surface  much  more  readily  than  through  an  equal  air 
space.  The  non-conducting  surface  seems  to  form  an  entering 
wedge,  as  it  were,  through  the  air,  so  that  this  being  already 
partly  split  or  ruptured,  the  discharge  has  but  to  further  sepa- 
rate the  air  from  the  non-conducting  surface  instead  of  boring 
its  own  path  through  it.     A  pencil  mark  over  a  rough  piece  of 
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glass  or  unpolished  marble  still  further  reduces  the  breaking 
down  strain. 

But,  to  avail  myself  of  this  fact  in  the  construction  of  a  light- 
ning arrester  was  a  problem  over  which  I  pondered  for  some 
time.  My  design  was  to  bring  electrodes  located  in  a  discharge 
surface,  near  enough  together  to  form  a  lightning  arrester  spark 
gap,  and  at  the  same  time  to  avoid  the  passage  of  dynamo  cur- 
rent when  the  electrodes  were  connected  to  the  terminals  of  a 
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500-volt  direct  current  generator.  I  reasoned  that  a  dynamo  arc 
to  be  maintained  must  be  fed  by  the  vapors  of  its  electrodes. 
To  prevent  an  arc,  the  formation  of  such  vapors  must  be  sup- 
pressed. My  first  attempt  in  this  direction  proved  successful* 
I  drew  a  pencil  mark  about  two  inches  long  over  an  unpolished 
piece  of  marble,  covered  this  with  a  second  piece  similar  to  the 
first,  and,  having  previously  slipped  between  the  two  marbles,, 
pieces  of  aluminium  foil  as  terminals  to  the  pencil  mark,  I  bound 
the  whole  together  with  twine.  These  terminals  were  now 
connected  to  the  terminals  of  a  five  hundred-volt  direct 
current  generator  and  disruptive  discharges  caused  to  pass  be- 
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tween  the  marbles  and  over  the  pencil  mark.  A  one-ampere 
fuse  was  connected  in  the  dynamo  circuit.  No  current  follow- 
ing these  discharges,  the  terminal  foils  were  brought  successively 
nearer  together,  testing  each  time  for  the  passage  of  dynamo 
current.  "Vyhen  the  electrodes  had  reached  a  distance  of  a  quar- 
ter of  an  inch  from  each  other,  the  fuse  was  blown.  The  termi- 
nals were  now  placed  a  half-inch  apart,  and  oft  repeated  tests 
failed  to  establish  a  short-circuit.  The  dynamo  was  now  cut  out, 
and  upon  resting  my  hand  on  the  upper  marble,  while  the  dis- 
charges were  still  passing,  I  noticed  a  considerable  mechanical 
shock,  and  when  the  twine  was  removed,  the  upper  block  was^ 
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thrown  off.  In  consequence  of  this,  it  seemed  advisable  to  pro- 
vide more  space  for  the  discharge.  A  small  groove  was,  there- 
fore, cut  in  the  lower  marble  from  one  electrode  to  the  other, 
and  well  blackened  with  a  lead  pencil  mark.  Discharges  now 
failed  to  produce  the  above  mentioned  mechanical  shock,  or  to 
throw  off  the  cover.  It  was,  however  noticed,  that  after  several 
discharges  had  passed,  this  pencil  mark  disappeared,  having  been 
dissipated  and  apparently  scattered  over  the  surfaces  of  the  two 
marbles.  To  overcome  this  difficulty  a  piece  of  wood  was  laid 
into  the  lower  marble  between  the  electrodes,  and  into  this  a 
shallow  groove  was  burned.  This  construction,  which  is  shown 
in  Fig.  30,  seemed  to  possess  some  advantages  over  the  one  al- 
ready described — ^it  suggested  more  lasting  qualities.  Various 
materials  were  now  tested  into  which  one  or  more  discharge 
grooves  might  be  burned,  such  as  liber,  felt,  leather,  ivory,  box- 
wood, celluloid  and  others,  but  most  of  these  proved  unsatisfac- 
tory for  various  reasons.  With  fiber,  the  charred  surface  was 
quickly  worn  away,  ivory  chipped  off  in  small  pieces,  both 
leather  and  felt  crumbled  away.  Lignum  vitse,  however,  proved 
to  be  a  most  excellent  material.  In  the  final  form  adopted  for 
this  arrester,  both  upper  and  lower  blocks  were  made  of  this 
material,  thus  enabling  the  discharge  grooves  to  be  burned  into 
the  lower  block  itself,  and  avoiding  the  necessity  of  inserting  a 
discharge  piece  between  the  metal  electrodes.  This  arrester  for 
station  use,  is  illustrated  in  Figure  25 ;  for  line  use  in  Figure 
26.  The  blocks  are  3  inches  wide  by  3^  inches  long  and  1  inch 
thick.  Two  brass  electrodes  each  1  inch  wide  are  laid  into  the 
lower  block,  flush  with  its  surface,  the  distance  between  elec- 
trodes being  i  inch.  The  charred  grooves  are  nine  in  number, 
and  about  ^  inch  wide  by  ^  inch  deep. 

Another  and  more  simple  form  of  this  arrester  was  also  con- 
structed. A  hole  was  bored  through  a  solid  block  of  marble,  the 
center  of  which  was  then  filled  with  a  cylindrical  block  of  hard 
maple,  having  grooves  burned  in  on  the  sides.  Solid  brass  cylin- 
drical electrodes  were  then  inserted  in  either  end,  making  a  snug 
fit.  But  in  practice,  these  marbles  were  in  many  cases  split  open 
by  the  expansive  force  of  the  discharge,  thus  demonstrating  the 
necessity  of  the  vent  which  is  obtained  by  clamping  two  surfaces 
together,  and  between  which  the  discharges  may  pass. 

This  device,  like  the  condenser  arrester,  constitutes  a  strictly 
discriminating  lightning  arrester.     In  regard  to  its  action  I  have 
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been  asked  why  a  discharge  should  find  an  easier  passage  across 
a  conducting  film,  than  through  a  non-inductive  conductor  hav- 
ing the  same  ohmic  resistance  as  the  conducting  film.  My  con- 
ception of  the  case  is  as  follows :  When  a  discharge  passes 
through  a  conductor  of  more  or  less  ohmic  resistance  the  time 
of  discharge  is  considerable,  there  is  a  great  strain  from  all  parts 
of  the  charged  surfaces  during  the  time  of  passage,  and  there 
will  be  a  tendency  to  discharge  or  "  side  Hash  "  along  paths  nor- 
mal to  the  conductor.  The  passage  of  the  discharge  may  be 
likened  to  the  passage  of  tangible  matter  through  a  dense  fluid 
— there  is  a  gradual  yielding  of  the  opposing  resistance,  but  noth- 
ing is  broken.  When,  however,  a  discharge  passes  over  a 
conducting  lilm  as  described,  there  is  a  sudden  breaking  down  or 
giving  way  of  the  dielectric,  and  this  is  aided  by  the  presence  of 
the  conducting  film.  The  film,  however,  does  not  act  in  the 
sense  of  what  is  commonly  called  an  electric  conductor,  but  as  a 
wedge,  splitting  the  dielectric  preparatory  to  the  passage  of  the 
disruptive  discharge. 

The  difference  between  these  two  cases  is  very  clearly  illus- 
trated by  the  discharge  of  a  Leyden  jar  provided  with  a  pith 
ball  electrometer.  Take  the  arrangement  shown  in  Fig.  27; 
while  the  machine  is  charging  the  battery  of  jars,  the  increasing 
charge  can  be  observed  by  the  deflection  of  the  pith  ball,  until 
finally  a  disruptive  discliarge  takes  place  across  the  arrester  or 
spark  gap  a,  and  the  pith  ball  is  seen  to  fall  back  suddenly,  in- 
dicating in  this  manner  complete  discharge.  If,  however,  the 
gap  A  be  removed  and  the  discharge  be  caused  to  pass  either 
through  the  inductive  coil  c,  or  in  its  stead  a  non-inductive  high 
ohmic  resistance,  the  pith  ball  at  the  moment  of  discharge  will 
fall  part  way  only,  indicating  thereby  an  incomplete  discharge. 
The  sound  of  the  discliarge  in  the  latter  case  is  also  very  diffe- 
rent from  that  in  the  former — it  is  more  like  a  thud,  suggesting 
opposition  to  the  passage,  whereas  in  the  former  case  the  sound 
is  that  of  a  crack,  indicating  something  instantaneous  and  com- 
plete. 

The  non-arcing  property  of  the  arrester  is  easily  understood ; 
the  conducting  vapors  which  are  necessary  to  the  formation  and 
maintenance  of  a  dynamo  arc  are  suppressed  by  the  cover  which 
fits  tightly  over  the  metal  electrodes.  In  Fig.  28  the  arrester  is 
seen  in  operation.  The  terminals  of  the  arrester  are  connected 
to  the  terminals  of  a  500-volt  direct  current  generator.     The 
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cover  is  of  glass  so  that  the  discharges  may  be  seen.  In  the 
upper  part  of  the  figure,  five  100-volt  lamps  in  series  indicate  the 
dynamo  pressure ;  just  below  this  and  to  the  left  is  a  long  hori- 
zontal 5-ampere  fuse ;  to  the  left  of  the  arrester  is  a  spiral  choke 
coil  connected  in  the  dynamo  circuit,  and  interposed  between  the 
arrester  and  the  generator.  This  coil  is  very  similar  to  those 
which  I  used  in  my  Colorado  experiments.  The  disruptive  dis- 
charges immediately  below  the  arrester,  represent  the  means  used 
for  suddenly  charging  th§  dynamo  ciicuit.  The  discharges 
across  the  arrester  are  distinctly  seen  through  the  glass  cover. 
When,  however,  this  cover  is  removed,  the  first  discharge  estab- 
lishes a  short-circuit  and  the  fuse  is  instantly  blown,  as  seen  in 
Fig.  29. 

The  relative  ease  with  which  a  discharge  will  leap  over  such 
a  surface  in  preference  to  a  few  turns  of  large  copper  wire,  is 
illustrated  in  Fig.  30,  which  is  taken  from  a  photograph.  Fig. 
31  shows  the  arrangement  of  the  apparatus  more  clearly,  a  is 
an  arrester  such  as  I  have  been  describing  and  is  provided  with  a 
clear  glass  cover  so  that  the  discharges  may  be  seen,  c  is  a  choker 
coil  connected  in  parallel  to  a,  it  is  16  inches  in  diameter  and  has 
17  turns  of  No.  0  copper  wire.  Discharges  from  a  battery  of 
Leyden  jars  invariably  pass  at  a  in  preference  to  the  path  c,  as 
shown  in  the  photograph. 

A  thorough  test  of  these  arresters  has  been  made  in  both  Den- 
ver and  Colorado  Springs  during  the  past  summer.  Fig.  32  rep- 
resents the  equipment  used  in  Denver.  There  were  ten  feeders^ 
each  feeder  being  provided  with  three  arresters  placed  three  feet 
apart.  These  are  indicated  at  1,  2  and  3.  The  object  of  using 
three  arresters  to  each  feeder  was  to  avoid  nodal  points,  s  rep- 
resents the  circuit-breakers ;  t  is  a  tank  arrester ;  s  1  the  dis- 
charge circuits  of  the  tank  arrester  and  4  represents  spark  gaps 
in  these  discharge  circuits.  None  of  the  arresters  were  provided 
with  tell-tale  papers,  and  although  they  were  carefully  watched 
during  thunder  storms,  no  indications  were  observed  of  passing 
discharges.  After  the  first  storm  following  their  installation  the 
writer  removed  the  covers  of  the  upper  ten,  and  of  these,  six 
showed  marks  of  discharge;  the  remaining  twenty  were  con- 
structed on  the  "  solid  marble  "  pattern  and  were  consequently 
difficult  and  unsatisfactory  to  inspect.  One  of  the  upper  ten 
arresters  was  subsequently  dismounted  and  photographed,  and 
Fig.  33  is  an  excellent  copy  clearly  showing  the  smudge  formed 
by  the  discharge  over  the  marble  surfaces. 
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The  only  mishap  which  occurred  to  any  of  these  arresters  wan 
the  explosion  of  one  of  the  "  8olid  marble  "  type.  No  experi- 
mental line  arresters  of  this  type  were  used  on  the  Denver 
plant.  In  Colorado  Springs,  however,  25  were  installed  on  the  line 
and  24  in  the  station.  Some  of  these  were  of  the  divided  kind 
(see  Fig.  25),  others  of  the  solid  marble  pattern.  Nearly  all  of 
the  latter  were  split  open  by  the  discharges,  while  of  the  former 
none  was  damaged  in  the  slightest  degree.  One  of  the  line 
arresters  was  provided  with  three  connections  to  one  feeder,  with 
a  spark  gap  and  tell-tale  paper  in  each  discharge  circuit.  This 
arrangement  is  shown  in  Fig.  84.  The  connections  to  the  feeder 
were  made  about  two  feet  apart.  After  thunder  storms  each 
tell-tale  paper  was  found  to  be  perforated,  but  whether  the  dis- 
charges occurred  simultaneously  or  successively  is  not  known. 
The  perforations  shown  in  Fig.  35,  were  taken  from  this  arrester. 

This  non-arcing  railway  lightning  arrester  is  eminently  suited 
for  the  protection  of  direct  current  circuits  up  to  1,000  volts. 
On  1,000-volt  alternating  current  circuits  from'  smooth  body 
armatures  it  also  operates  satisfactorily,  but  on  similar  circuits 
from  toothed  body  armatures,  the  arresters  break  down  after  a 
few  discharges,  and  a  short-circuit  is  established.  However,  it 
is  not  impossible  that  two  or  three  of  these  arresters  might  not  be 
used  to  good  advantage  in  series,  on  circuits  of  high  potential. 

The  especial  advantages  of  this  arrester  may  now  be  summed 
up  as  follows : 

1.  It  offers  a  direct  and  non-inductive  path  to  earth. 

2.  It  is  absolutely  non-arcing  and  consequently  requires  no 
attention  after  being  once  properly  installed. 

3.  It  has  no  moving  part*  and  there  is  nothing  about  it  to  get 
out  of  order. 

4.  It  is  small,  and  therefore  easily  installed  under  a  car. 

5.  It  is  cheap,  and  can  therefore  be  used  in  large  numbers  on 
the  line,  on  the  cars,  and  in  the  station. 

6.  Its  non-arcing  property  avoids  danger  from  lire,  which  prop- 
erty also  ensures  the  non-interruption  of  the  system  due  to 
blowing  of  fuses  and  constant  throwing  of  the  circuit-breakers. 

7.  Its  simplicity  and  reliability  will  commend  it  to  every  one. 
In  my  closing  remarks  I  wish  to  answer  the  now  old  and  oft 

repeated  question  "  How  many,  and  what  kind  of  arresters  would 
you  advise  us  to  use  on  our  line  ? "  as  follows :  The  proper  num- 
ber of  line  arresters,  is  that  number  which  will  prevent  discharges 
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from  entering  the  station.  Station  arresters,  if  used  at  all, 
should  be  installed  ^vith  the  one  idea  of  providing  a  final  oppor- 
tunity for  discharge,  but  as  the  tendency  to  discharge  occurs  on 
the  line,  often  several  miles  away  from  the  station,  a  sufiicient 
opportunity  should  be  provided  there  where  the  tendency  to  dis- 
charge originates,  and  in  this  manner  advantage  may  be  taken  of 
the  large  inductive  resistance  afforded  by  the  circuits  leading 
back  to  the  station.  If  discharges  enter  the  station  it  is  a  sure 
indication  that  they  have  done  so  for  lack  of  sufficient  opportu- 
nity to  discharge  from  the  line — for  lack  of  a  suflScient  number 
of  line  arresters. 

It  is  well  to  protect  dynamos  with  lightning  arresters — ^it  is 
better  to  avoid  the  necessity  of  this  protection  by  discharging  the 
line. 

It  is  even  well  to  use  a  lightning  arrester  having  a  circuit 
interrupting  attachment.  It  is  better  to  avoid  the  necessity  of  a 
circuit  interrupting  attachment  by  using  a  non-arcing  arrester. 
In  fact — 

An  ounce  of  prevention  is  always 
Better  than  a  pound  of  cure. 


878  WURTS  ON  LIGUTmiiB  AERBSTBRS.  [May  16^ 

Discussion  in  Philadelphia. 

Mr.  Joseph  Sachs  : — Mr.  President,  I  would  like  to  ask  Mr. 
Wurts  if  he  has  ever  tried  the  choke  coils  without  the  arresters 
upon  the  comparatively  low  potential  circuits  in  Colorado ;  and 
wnether  the  action  upon  a  low  potential  circuit  would  not  have 
been  just  the  same  as  the  proposed  action  on  a  high  potential — 
that  is,  leaving  out  the  arresters  altogether  and  only  using  choke 
coils  on  the  line. 

Mr.  Wurts: — I  have  not  made  any  such  experiments,  but 
should  expect  to  find  the  action  of  these  coils  the  same  on  a  low 
potential  system  as  on  a  high  potential  system.  On  a  low  poten- 
tial circuit,  however,  the  insulation  of  the  apparatus  being  in- 
ferior to  that  found  on  a  high  potential  circuit,  it  is  possible  that 
a  system  of  choke  coils  might  not  sufficiently  protect  the  arma- 
tures and  other  translating  devices  from  the  electric  strains,  which 
would  be  set  up  by  the  siirgings.  In  other  words,  it  is  expected 
that  witli  very  high  potential  systems,  such  as  are  now  being 
talked  of  in  connection  with  long  distance  transmission,  the  surg- 
ings  may  be  broken  up  and  rendered  harmless  to  the  very  higli 
grade  of  insulation  which  would  be  used  in  such  systems.  On 
the  other  hand,  with  low  potential  systems,  it  might  be  that  the 
number  of  choke  coils  found  necessary  for  efficient  protection 
would  be  prohibitive.  This  system  of  protection  seems  to  be 
more  particularly  adapted  to  long  distance  power  transmission 
circuits,  where  there  are  no  translating  devices  intervening  be- 
tween the  extremities  of  the  system.  Ileferring  to  my  tests  with 
a  combination  of  choke  coils  and  spark  gap  discharge  circuits,  i^ 
is  interesting  to  compare  the  results  which  I  obtained  in  Tellu- 
ride  and  in  Denver.  In  Telluride  I  used  four  choke  coils  with 
most  satisfactory  results.  In  Denver  I  used  two  coils,  and  found 
that  these  did  not  altogether  protect  lightning  arresters  which 
were  connected  nearer  the  dynamo,  and  thcpe  results,  obtained  in 
Denver  with  two  choke  coils,  were  verified  by  the  results  ob- 
tained in  Telluride  with  four  choke  coils,  inasnmcli  as  with  the 
four  coils  in  series,  some  of  the  discharges  reached  the  third  and 
fourth  discharge  circuits;  that  is,  passed  beyond  the  first,  second 
and  third  coils.  » 

Mr.  Sachs: — It  would  seem  to  me,  that  if  we  had  enough 
choke  coils  in  the  line,  the  effect  of  the  disruptive  discharge 
could  be  chop]3ed  down  so  low  that  it  would  not  do  any  harm  to 
the  insulation  of  the  machine  at  all,  and  that  there  would  not  be 
potential  enough  to  jump  any  gaps.  As  I  understand  tlie  theory 
of  the  use  of  the  choke  coil  used  here,  it  simply  acts  as  a  buffer 
against  the  discharge.  The  discharge  comes  along  and  strikes 
the  buffer ;  part  of  it  passes  on,  and  the  part  that  passes  on  is 
very  much  less  than  that  which  initially  struck  the  buffer,  and 
so  on  until  you  get  practically  a  very  small  amount.  Now,  if 
you  went  on  far  enough  and  liad  choke  coils  enough,  you  would 
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get  down  to  an  amonnt  that  would  not  hurt  your  armature  at 
all.  You  would  get  down  to  ptactieally  nothing,  and  in  a  caae 
like  that,  you  would  not  need  any  spark  gap  whatsoever.  But 
another  question  arises  :  the  use  of  these  various  inductances  in 
the  line  upon  a  system  of  alternating  currents  would,  in  my 
mind,  have  some  effect,  perhaps  ^fery  small,  upon  the  line,  and 
the  question  I  think  to  be  decided  would  be,  what  the  relation 
would  be  between  the  point  where  you  got  no  discharge,  by 
putting  in  enough  choke  coils,  and  the  effect  upon  the  impedance 
of  the  line. 

Me.  Wuets: — I  have  not  tested  in  practice  this  system  of  pro- 
tection against  lightning  discha^es,  but  am  hopeful  that  such  a 
system  will  prove  successful.  In  regard  to  the  self-induction  of 
these  choke  coils,  I  do  not  think  that  they  will  interfere  seriously 
with  the  operation  of  an  alternating  current  system  at  7,200,  or 
even  at  16,000  alternations  per  minute,  because  no  iron  core  is 
used  and  the  number  of  turns  is  small.  Referring  to  my  paper, 
it  will  be  noticed  that  I  employ  only  seventeen  turns. 

Mr.  Sachs: — The  point,  however,  would  be,  if  the  17  turns 
were  multiplied  by  the  number  of  choke  coils,  you  would  have 
that  many  more  turns,  that  is,  if  you  put  in  enough  choke  coils 
to  kill  your  discharge  entirely,  l^our  17  turns  might  increase  to 
five,  six,  seven  and  eight,  etc.,  times  17.  In  reference  to  the 
iron,  it  would  appear  to  me  that  if  the  iron  core  could  be  lami- 
nated and  insulated  to  a  very  fine  point  so  that  the  induced  cur- 
rents in  this  secondary  were  brought  down  to  a  very  small 
current,  that  your  iron  would  really  help  along  the  impedance  of 
the  choke  coil.  The  actual  results  that  you  obtain  now,  would 
appear  to  me  inferior,  because  the  iron  is  not  sufficiently  lami- 
nated and  insulated,  and  the  currents  set  up  in  the  iron  bring 
down  the  induction  in  your  primary,  and,  therefore  the  result  is 
not  as  good  as  witliout  tlie  iron.  If,  however,  your  iron  wires 
could  be  made  sufliciently  small,  and  insulated  so  that  the  cur- 
rent induced  therein  would  be  infinitesimal,  why,  then,  I  should 
think  that  the  iron  would  actually  help  you.  It  may  be,  how- 
ever, that  this  cannot  be  practically  attained  on  account  of  the 
very  high  potential  induced  in  the  core,  and  the  necessity,  there- 
fore, of  extremely  small  and  well  insulated  wires. 

Mr.  Wm.  Stanley  : — I  have  been  greatly  interested  in  this 
paper,  particularly  because  of  the  logical  demonstration  that  Mr. 
Wurts  has  given  us.  It  seems  as  though  the  paper  were  one 
continuous  line  of  logical  reasoning  from  one  end  to  the  other. 
It  seems  to  me  that  he  has  shown  to  us  more  new  and  interesir 
ing  experimentd  with  lightning  discharges  than  we  have  ever 
known  before.  The  suoject  of  lightmng  discharges  must  be 
viewed  from  the  lightning  discharge  standpoint.  In  working 
with  lightning  discharges  we  are  not  using  alternating  currents 
tliat  we  know  very  much  about.  We  are  familiar  with  currents 
of,  perhaps,  75  periods,  or  something  of  that  sort,  but  the  light- 
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ning  discharge  currents  are  of  enormous  frequency.  Of  course 
it  is  true  that  Mrith  the  ordinary  frequency  the  self-induction  of 
the  coil^would  be  increased  by  winding  on  it  additional  turns  of 
wire,  or  by  adding  to  it  an  iron  core,  ^ut  if  the  frequency  be  in- 
creased id  or  50  or  100  times,  the  iron  core  may  be  considered  as 
consisting  of  iron  wires  10,  50,  or  100  times  larger.  In  other 
words,  the  local  currents  in  these  iron  wires  are  10, 50,  or  100  times 
more  important,  and  the  self-induction  of  the  coil  may  be  largely 
impaired  by  the  foucault  series.  It  seems  to  me,  however,  that 
Mr.  Wurts  might  have  given  us  a  little  clearer  statement  regard- 
ing the  discriminating  properties  of  the  apparatus  on  page  341. 
It  is  a  charming  diagram  to  me,  for  the  arrangement  snows  that 
each  one  of  these  by-paths  is  tuned  to  a  particular  rate  of  alter- 
nation ;  that  if  the  lightning  discharge  oe  surging  on  the  line, 
the  first  by-path  will  be  tuned  by  ite  spark  gap,  self-induction 
and  capacity,  to  one  frequency  o^  the  discharge,  the  second  to 
another  frequency,  the  third  to  another  frequency;  and,  so  it 
seems  to  me,  Mr.  Wurts  takes  through  each  one  of  these  by- 

?ath  spark  gaps,  a  certain  amount  of  the  discharge  current, 
'hat  is  to  say,  he  takes  the  surging  current  and  splits  it  up  into 
a  number  of  different  frequency  currents,  and  then  carries  each 
of  them  off  to  the  ground  in  its  particular  path,  if  I  correctly 
understand  the  diagram. 

The  self-induction  induced  into  the  line  by  the  choke  coil 
practically  amounts  to  nothing.  I  have  not  calculated  it,  but  I 
should  imagine  it  would  be  on  the  coil  shown,  perhaps,  a  couple 
of  volts  witli  50  or  60  amperes  of  current  passing  or  something 
of  that  sort,  with  the  ordinary  frequency  of  72  periods,  and  the 
self-inductive  k.  m.  f.  with  a  liigh  potential  system  of  three  or 
four  thousand  volts  would  amount  to  nothing  at  all. 

Another  point  that  interested  me  particularly  was  the  diagram 
at  paffe  355.  I  do  not  think  that  the  straight  lines  drawn  on 
that  aiagram,  are  a  fair  exposition  of  Mr.  Wurts'  work,  for  they 
seem  to  show  that  one  could  wind  a  choke  coil,  adding  turns  to 
it  and  increase  the  self-induction  of  the  coil  up  to  a  certain  point, 
and  then  that  the  self-induction  could  not  be  farther  increased 
by  adding  more  current.  Now  the  dotted  lines  on  that  diagram 
sfiow  that  that  is  not  so.  It  shows  that  that  knee  at  the  top  of 
the  angle  is  really  a  curve,  and  that  really  there  is  an  increase  of 
self-induction  by  adding  more  turns.     Is  not  that  so  i 

Mr.  Wurts  : — I  think  it  is  to  a  slight  extent. 

Mr.  Stanlf.y  : — If  a  straight  line  is  a  correct  demonstration  of 
the  results,  then  we  have  a  saturation  for  air.  If  the  curved 
line  is  the  correct  demonstration,  then  we  have,  I  think,  the  ordi- 
nary results  found  before.  I  would  like  to  ask  Mr.  Wurts  one 
?uestion.  In  1S85  or  1886  I  built  an  alternating  line,  and  found 
had  to  protect  it  from  lightning ;  so  instead  of  putting  my 
wires  underground,  I  put  my  ground  over  my  wires,  and  strung 
a  ground  above  my  line,  grounding  it  every  pole  or  two ;  and  ob- 
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tained  very  satisfactory  results.  We  had  no  trouble  whatever. 
Now,  is  it  not  true  that  in  this  part  of  the  country,  leaving  out 
of  consideration  Colorado  and  nigh  altitudes,  is  it*^  not  true  that 
very  excellent  results  in  line  nrotection  may  be  obtained  by  sim- 
ply striuging  a  wire  above  the  line,  and  so  forming  a  belt  of 
earth  potential  above  the  wire  without  any  further  apparatus. 

Mb.  Wurts  : — I  cannot  say  that  I  have  had  any  considerable 
experience  witli  the  use  of  overhead  ground  wires  as  a  means  of  * 
protecting  aerial  lines  against  lightning.  I  am,  however,  familiar 
with  the  results  obtained  in  two  places ;  one  on  Staten  Island, 
where  the  overhead  ground  wire  has  been  used  successfully ;  the 
other  at  Telluride,  \diere  it  has  proved  a  total  failure.  Upon 
making  inquries  at  the  Staten  Island  plant,  I  learned  that  prev- 
ious to  the  use  of  the  overhead  ground  wire,  diBcharges  entered 
the  station  frequently  and  with  violence,  but  that  after  the  over- 
head wire  had  been  erected,  although  the  discharges  continued 
to  enter  the  station,  they  were  less  frequent  and  much  less 
violent.  In  Telluride  the  overhead  ground  wire  failed;  the 
reason  may  possibly  be  this:  If  the  wires  become  charged,  as  I 
am  inclined  to  believe  they  do,  by  contact  with  the  surrounding 
charged  atmosphere,  and  if  the  wind  be  blowing  across  the  length 
of  the  wires,  then  both  wires  will  tend  to  drain  the  atmosphere 
of  its  charge,  but  the  drained  portion  of  the  atmosphere  belong- 
ing to  each  wire  will  have  a  cross- section  in  the  shape  of  a  wedge, 
the  direction  of  the  wedge  being  that  of  the  wind  and  more  or 
less  horizontal,  so  that  tne  drained  portion  of  the  atmosphere 
caused  by  the  overhead  ground  wire  will  fail  to  include  the  elec- 
tric wire.  If  a  charged  atmosphere  be  kept  rapidly  moving  over 
a  well-insulated  electric  wire,  it  is  probable  that  the  charging 
from  the  atmosphere  will  exceed  the  loss  due  to  leakage. 

Mr.  Charles  Hewitt  : — Some  years  ago  the  Edison  companies 
made  experiments  with  overhead  grounded  wires,  using  them  as 
guard  wires.  They  were  put  up  primarily  as  guard  wires,  but 
the  intention  afterwards  became  to  use  them  also  as  lightning 
protectors,  and  a  certain  gentleman  took  out  a  patent,  using  a 
barbed  wire,  similar  to  barbed  fence  wire,  in  the  hope,  I  suppose, 
that  the  points  of  the  barbs  would  pick  the  current  out  of  the 
air  and  carry  it  off.  Mr.  W.  J.  Jenks  has  given  a  good  deal  of 
study,  I  think,  to  that  very  question.  I  hope  he  will  say  some- 
thing before  the  discussion  closes.  I  would  like  to  ask  Mr. 
Wurts,  however,  whether  it  is  necessary  to  connect  a  lightning 
arrester  to  each  one  of  these  coils  on  page  341.  What  would  be 
the  effect  of  connecting,  to  say  one  arrester,  connecting  one  ar- 
rester between  each  coil  i  We  have  here  in  Philadelphia,  on 
the  traction  company's  plant,  not  only  the  question  of  protect- 
ing generators,  but  the  question  of  protecting  a  great  many 
mues  of  valuable  lead  caWe,  which  is  quite  as  important,  if  not 
more  important  than  the  question  of  generators,  and  the  problem 
is  simply  this :  We  have  miles  of  lead  cable  coming  out  of  the 
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ffroand,  say,  at  one  or  two  points.  On  one  traction  company's 
fine  we  have  a  cable  coming  out  at  foar  points,  but  that  is  un- 
usual. Most  of  the  cables  come  out  at  two  points.  As  I  under- 
stand the  problem  from  Mr.  Wurts'  paper,  we  must  get  the 
lightning  arresters  between  the  trolley  ana  that  cable  if  we  want 
to  protect  it.  I  may  be  mistaken  about  this.  It  may  be  we  can 
place  our  lightning  arresters  on  the  poles  along  the  trolley  line 
and  in  that  way  avoid  these  nodal  points ;  but  it  seems  to  me 
that  it  will  be  necessary  for  us  to  get  our  fightning  arresters  in 
between  the  cable  and  the  trolley  wire.  In  that  case  we  would 
need  four  coils  and  four  lightning  arresters  on  one  pole,  and  on 
an  iron  pole  it  would  be  quite  unsightly  and  a  rather  difficult 
thing  to  put  up,  as  we  haven't  much  space. 

Mr.  W  ukts  : — I  think  the  gentleman  has  correctly  understood 
my  ideas  in  this  matter.  If  the  system  of  protection,  illustrated 
in  Fig.  3,  is  to  be  used,  the  spark  gaps  and  choke  coils  must  be 
connected  between  the  trolley  and  the  underground  cable.  Ordi- 
narily, and  with  a  reasonably  high  grade  of  insulation,  I  believe 
that  electric  systems  can  be  protected  by  a  liberal  distribution 
of  line  arresters ;  that  is,  a  large  number  of  opportunities  for 
discharge  should  be  provided,  so  many,  in  fact,  that  the  few 
opportunities  for  disciiarge  afforded  by  the  translating  devices 
shall  be  small,  in  comparison  with  the  number  provided  by  the 
lightning  arresters,  it  is,  however,  well  known  that  under- 
ground cables  are  particularly  sensitive  to  the  electrical  snrgings 
set  up  during  thunder  storms,  and  that  they  are  liable  to  be 
punctured,  so  that  where  cables  are  to  be  protected,  I  unhesitat- 
ingly recommend  the  use  of  four  choke  coils  in  series  between 
the  overhead  and  underground  system,  toother  with  four  light- 
ning arresters,  connected  as  shown  in  Fig.  3.  My  experiences 
in  Telluride  and  in  Denver  have  led  me  to  believe  that  a  fewer 
number  of  coils  would  be  insufficient.  For  the  proper  protec- 
tion of  cables  it  may  even  be  possible  that  live  or  six  coils  will 
b,e  found  necessary ;  for  it  must  be  borne  in  mind  that  the  insu- 
lation which  I  protected  in  Telluride  was  of  a  very  high  grade, 
much  holier  than  is  ordinarily  found  in  underground  cables. 

Mb.  IIewitt: — ^What  would  be  the  effect  of  connecting  the 
one  arrester  if  Has  it  ever  been  tried?  Or  what  would  you  sup- 
pose would  be  the  effect? 

Mr.  Wurts  : — I  think  the  result  would  be  that  the  discharges 
would  frequently  enter  the  dynamo  armature.  In  Telluride  I 
had  four  choke  coils  in  series,  together  with  four  opportunities 
for  discharge,  as  indicated  in  Fig.  8,  and  as  the  majority  of  dis- 
charges passed  across  the  second  discharge  circuit,  it  is  reasonable 
to  think  that  if  there  had  been  only  one  discharge  circuit,  many 
of  the  discharges  would  have  reached  the  generator. 

Mr.  Hewiti'  : — Don't  you  give  four  opportunities  ?  You  have 
four  coils. 

Mr.   Wurts: — Yes;  I   provided  four  opportunities  for  dis- 
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charge,  but  I  understand  your  question  to  be:  What  would 
happen  if  only  one  opportunity  were  provided. 

Mb.  Hewitt  : — ^What  I  mean  is,  if  there  were  four  coils  and 
those  coils  were  connected  to  one  arrester,  what  would  be  the 
effects    Wouldn't  you  practically  get  four  opportunities^ 

Mb.  Wtjbts: — That  arrangement  would  provide  only  one 
opportunity,  and  would  at  the  same  time  short-circuit  the  choke 
coils. 

Mb.  Sachs  : — I  would  like  to  ask  Mr.  Wurts  another  question 
with  reference  to  the  iron  wires.  I  would  like  to  ask  whether 
he  tried  various  sizes  of  iron  wires,  and  whether  the  iron  wires 
were  in  intimate  contact  or  insulated.  I  think  these  features 
make  quite  a  difference.  From  what  I  could  see  of  the  wires, 
they  seemed  to  be  of  rather  a  fair  size  and  not  insulated  from 
one  another.  In  reference  to  the  idea  proposed  by  Mr.  Hewitt, 
it  would  appear  to  me  that  if  you  had  choke  coils  enough  to 
tone  down  the  potential  of  the  lightning  discharge  sufficiently, 
one  fi:ap  between  the  machine  and  the  first  coil  would  take  care 
of  all  tlie  lightning  that  would  be  left. 

Mb.  Habbington  : — Gaps  are  cheaper  than  choke  coils,  and  it 
has  been  my  practice,  covering  the  last  four  years,  to  use  a  large 
number  of  gaps  placed  at  many  intervals  on  the  line.  In  fact  I 
place  them  at  every  tap  of  the  feeders  to  the  trolley  wires  and 
use  the  ordinary  spark  space  with  a  fuse  wire  in  series  with  it.  I 
never  had  any  trouble  at  all  from  burn-outs  at  the  station  using 
this  method. 

Mb.  Wubts  : — Referring  to  the  matter  of  introducing  an  iron 
core  into  these  choke  coils,  the  e.  m.  f.  per  foot  of  wire  in  the 
coil  is  so  high,  that  no  matter  how  finely  sub-divided  the  iron 
may  be,  discharges  will  take  place  between  the  iron  particles, 
unless,  of  course,  these  be  thoroughly  insulated  from  each  other. 
The  bundle  of  iron  wires  I  have  used  as  a  core,  is  not  made  of 
very  fine  wire,  but  has  served  to  illustrate  what  I  wished  to 
show;  namely,  tliat  secondary  currents  are  set  up,  and  that 
these  secondary  currents  cause  the  coil  to  offer  less  resistance  to 
the  passage  of  disruptive  discharges.  Dr.  Lodge  has  shown  con- 
clusively, I  think,  that  the  mere  presence  of  iron  in  a  coil  does 
not  at  all  affect  the  resistance  of  that  coil  to  the  passage  of  dis- 
ruptive discharges.  Ilis  experiments  were  made  oy  using  a  very 
finely  sub-divided  iron  core  boiled  in  paraffin. 

M!b.  a.  E.  Kennelly  : — There  are  so  many  points  of  interest 
in  this  paper  that  one  can  scarcely  do  justice  to  it  on  first  peru- 
sal. But  some  information  Mr.  W  urts  might  give  us  upon  those 
points  would,  I  think,  have  important  bearing  upon  their  appli- 
eation.  For  example,  on  pages  354  and  355,  Mr.  Wurts  alludes 
to  experiments  made  in  the  laboratory,  with  such  choke  coils  a& 
those  now  before  us,  and  where  he  is  experimenting  upon  the 
number  of  turns  that  are  desirable  to  produce  the  oest  effect, 
and  he  says  he  has  found  by  experiment  that  the  impedance  does 
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not  continuously  increase  with  the  number  of  tums.  Diagrams 
are  then  riven  on  page  355  to  supplement  that  view.  The 
method  of  testing  is  a  very  ingenious  and  a  very  pretty  one. 
But  I  think  he  means  impedance  there,  in  the  practical  sense  of 
what  takes  place  in  that  particular  circuit  under  the  particular  con- 
ditions, and  he  does  not  mean  that  the  impedance  of  the  coil  as 
actually  represented  in  ohms  did  not  continuously  increase.  I 
think  there  is  no  question  that  the  impedance,  as  measured  in 
ohms  of  such  a  flat  coil,  would  very  continuously  and  very 
markedly  rise,  as  the  number  of  turns  was  continuously  increased 
upon  the  outer  edge ;  but  the  experiments  seem  to  show  con- 
clusively that  the  practical  impedance,  or  that  the  effect  of 
arresting  the  discharge  through  them,  did  not  appreciably  in- 
crease  with  the  electrical  impedance  of  the  coil  beyond  a  certain 
point ;  that  is  to  say,  the  sparks  approached  a  certain  ultimate 
rate  by  an  approximately  straight  line.  Of  course,  we  might 
expect  that  if  the  conditions  of  the  experiment  had  been  varied, 
if  the  Leyden  jar  had  been  altered  in  size,  or  if  the  resistance 
or  inductance  of  the  path  from  the  Leyden  jar  had  been  altered 
in  any  way,  that  that  condition  of  practical  impedance  might 
have  been  affected,  and  it  would  be  interesting  to  know  how  far 
those  changes  were  attempted  or  carried  out  by  Mr.  Wurts. 

Secondly,  1  differ  from  Mr.  Wurts  in  his  view  concerning  the 
reflecting  points  on  such  wires  carrying  currents,  for  power  or 
other  purposes.  If  I  understand  the  matter  correctly,  when  any 
electrical  impulse,  whether  it  be  a  discharging  impulse  at  very 
high  pressure  from  a  lightning  disturbance,  or  whether  it  be  a 
telegraphic  signal,  or  whether  it  be  an  alternating  current,  what- 
ever the  impulse  may  be,  it  must  travel  continuously  along  to 
the  end  of  that  wire,  unless  it  is  met  by  some  change  or  want  of 
uniformity  in  the  wire  itself ;  a  change  in  the  size  of  the  wire, 
for  example,  or  the  insertion  of  some  resistance  or  apparatus ; 
if  there  is  no  discontinuity  in  the  wire,  no  change  in  its  uniform- 
ity, the  wave  must,  unless  totally  absorbed,  run  on  until  it 
reaches  the  terminal  and  be  reflected  there,  and  that  when  it  is 
reflected  there,  if  I  understand  the  matter  correctly,  there  is  no 
piling  up  of  pressure  in  the  act  of  reflection.  We  know  that 
when  water  is  running  through  a  pipe  and  is  arrested  at  the  end 
of  the  pipe  in  the  manner  mentioned  by  Mr.  Wurts,  that  an 
accession  of  mom^tum  is  reached  at  the  end,  and  that  the  stress 
of  the  walls  of  the  pipe  at  a  closed  end  may  be  very  consider- 
able; but  since  electricity  is  not  matter  and  cannot  posses  inertia, 
and  the  reflection  of  an  electric  wave  does  not,  therefore,  em- 
body the  idea  or  effect  of  inertia,  there  ought  to  be,  if  I  under- 
stand the  matter  correctly,  no  greater  stress  upon  the  insulation 
on  the  end  of  the  wire  than  at  any  other  intermediate  point. 
On  that  account  I  should  interpret  the  results  as  due  to  the  effect 
of  the  combination  of  a  great  number  of  wave  systems,  and 
where  these  waves  are  superimposed  upon  one  another  at  differ- 
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ent  parts  of  the  line,  their  crests  will  meet  at  some  places,  and 
oppose  at  other  places,  and  where  they  happen  to  coincide,  their 
pressure  will  be  superposed,  and  those  points  Mr.  Wurts  has,  I 
think  in  mind,  when  he  speaks  of  reflecting  points,  which  might 
be  called  anti-nodes,  because  at  the  nodes  there  would  be  an 
absence  of  pressure. 

One  point  mentioned  by  Mr.  Wurts,  which  is  a  very  interest- 
ing one,  is  that  that  particular  line  in  Colorado,  in  spite  of  the 
fact  that  they  have  an  overhead  wire  erected  for  the  purpose  I 
presume,  of  carrying  off  electrical  disturbances  from  lightning, 
failed  to  be  protected  thereby,  and  it  was  necessary  to  apply 
some  of  these  interesting  remedies  here  in  order  to  give  adequate 
protection.  It  is  the  first  occasion  that  I  have  noticed  of  the 
mfluence  of  an  overhtiad  wire  being  insufficient  for  the  purpose 
of  lightning  protection.  I  had  an  opportunity  of  examining 
statistics  last  year'from  different  stations  m  this  country  and  also 
in  Europe,  and  in  every  case  where  an  overhead  wire  had  been 
employed  either  directly  for  the  purpose,  or  even  incidentally — 
as,  for  example,  where  a  power  circuit  ran  underneath  telegraph 
wires  continuously  all  the  distance — no  electric  damage  and  no 
electric  troubles  from  lightning  were  found  in  the  circuits  so  pro- 
tected. But,  of  course,  Colorado  is  an  exceptional  country  for 
lightning,  and  discharges  occur  there,  I  believe,  when  there  is  no 
cloud  in  the  sky,  and  no  rule  such  as  might  ordinarily  apply  to 
lightning  protection  would  apply  to  Colorado.  But  it  woula  be 
interesting  if  Mr.  Wurts  would  tell  us  a  little  further  about  that 
overhead  wire,  whether  it  was  grounded  at  frequent  intervals, 
how  far  it  was  from  the  wires  protected,  etc.,  because  I  had  the 
belief  very  firmly  in  my  mina,  from  the  statistics  before  men- 
tioned, that  an  overhead  wire,  when  frequently  grounded,  was  an 
adequate  protection  against  lightning.  Furthermore,  I  do  not 
quite  catch  Mr.  Wurts^view  that  the  danger  from  lightning  is 
due  to  picking  up  electricity  from  the  air.  Mr.  Wurts  himself 
shows,  from  experimental  evidence,  that  only  about  a  hundred 
volts  or  so  in  pressure  could  be  so  picked  up  from  the  air  in  the 
vicinity  of  an  ordinary  aerial  conductor. 

If  it  is  3,000  volts  at  the  top  of  Washington  Monument,  and 
10,000  at  the  top  of  the  Eiffel  Tower,  it  cannot  be  much  more 
than  100  volts  at  the  top  of  an  ordinary  pole.  That  is  not  an 
alarming  pressure.  Furthermore  if  the  wire  is  grounded  through 
the  apparatus  continuously  at  one  or  both  ends,  the  tendency  will 
be  to  carry  off  any  charge  so  accumulated.  Surely  the  trouble 
from  lightning  is  due  to  the  accumulation  of  the  static  charge 
upon  the  surfece  of  the  wire,  which  is  very  suddenly  liberated 
wnen  the  original  lightning  disturbance  in  the  clouds  or  in  the 
neighborhood  passes  by,  wnen  the  spring,  as  Mr.  Wurts  charac- 
terized it,  is  released.  So  I  should  not  be  inclined  to  suppose  that 
the  wind  blowing  over  the  surface  of  the  wire  would  render  it 
any  more  liable  to  trouble  from  lightning  than  if  the  air  were 
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perfectly  quiet.    At  least  if  it  is  so,  I  do  not  know  of  any  evi- 
■Sence  to  that  effect. 

Mb.  WuRTs:— Mr.  Kennelly  has  brought  to  the  surface  so 
many  interesting  points  that  I  am  at  a  loss  where  to  begin,  bat 
'first  I  wish  to  tnank  him  for  explaining  so  much  more  clearly 
than  I  was  able  to  do  the  results  of  my  experiments  with  choke 
•coils  as  illustrated  on  page  355. 

In  regard  to  the  increased  tension  at  the  end  of  a  wire,  I  would 
«ay,  that  I  have  obtained  many  of  my  ideas  on  this  subject  from 
Dr.  Oliver  Lodge,  whose  brilliant  researches  teem  with  novel 
:and  unexpected  results.  Dr.  Lodge,  distinctly  states  that  he  has 
iound  a  much  greater  sparking  distance  at  the  ends  of  wires  than 
rat  any  intermediate  point.* 

The  overhead  ground  wire  at  Telluride,  as  I  remember  it,  was 
suspended  three  feet  above  the  circuits  to  be  protected.  The 
•circuits  were  run  on  either  side  of  a  single  cross-arm  and  the 
ground  wire  was  grounded  at  every  other  pole.  The  lengths  of 
•the  circuits  ranged  from  three  to  ten  miles.  The  overhe«ui  wire 
was  of  course  not  connected  to  ground  plates,  which  would  be 
impracticable  in  a  case  of  this  kind,  but  ground  connection  was 
inaide  by  means  of  a  bare  galvanized  iron  wire  run  down  the  pole 
^nd  then  forced  into  the  earth  as  far  as  possible.  This  was  the 
method  adopted  by  the  system  I  referred  to  on  Staten  Island. 
There,  according  to  their  statement,  the  overhead  ground  wire 


1.  Pertinent  to  this  matter  of  increased  tension  at  the  ends  of  wires,  I  quote 
from  Dr.  Oliver  Lodge's  work  on  ''Lightning  Conductors  and  Lightning 
•Ouards,"  Chapter  10,  under  the  sub-title  "Experiment  of  the  Recoil  Kick*'  as 
follows: 

"  These  electrical  oscillations  are  of  considerable  interest,  and  have  sundry 
firactioal  bearings ;  let  ns  proceed  to  make  them  more  conspicuous.    Fig.  S6 


Fig.  85. 


^howB.a  couple  of  long  leads,  l  and  l',  reaching  round  the  room  (No.  18  wire 
in^two  95-feet  lengths  was  actually  employed),  insulated  from  one  another  and 
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seemed  to  work  satisfactorily,  but  here  it  proved,  to  my  certain 
knowledge,  a  total  failure.  What  was  the  other  point  you 
mentioned  % 

Mb.  Kennelly: — Did  you  vary  the  conditions  with  that 
choke  coil? 

Mb.  Wubts  : — I  did,  yes,  but  the  range  over  which  I  was  able 
to  work  with  my  apparatus  was  so  small  that  I  could  detect  very 
little  difference  in  the  results.  When  I  increased  my  spark  gaps 
to  any  considerable  extent  the  discharges  failed  to  pass,  due  to 
the  unavoidable  leakage  of  my  lines,  jars  and  influence  machine. 
I  believe  you  asked  me  one  other  question. 

Mb.  Kennelly  : — I  think  you  have  covered  it. 

Mb.  Steinmetz: — Mr.  Chairman  and  gentlemen,  1  think  it 
is  very  gratifying  to  see  how  much  progress  we  have  made  in  the 
last  years  in  the  protection  of  our  electric  circuits  from  lightning; 
from  the  old  lightning  rod,  which  was  expected  to  have  the 
kindness  to  take  off  all  lightning  discharges,  to  the  modem  well 
improved  forms  of  lightning  arresters. 

The  main  difficulty  we  had  to  labor  under,  and  have  still,  in 
protecting  lines  from  lightning,  is  that  we  really  know  compara- 
tively little,  as  to  what  lightning  is.  In  the  name  "lightning" 
we  probably  include  quite  a  number  of  different  electrical 
phenomena  of  the  atmosphere,  phenomena  which  act  differently 
and  consequently  cannot  be  guarded  against  by  the  same  means. 

from  the  earth,  but  attached  to  the  two  poles  of  a  machine;  the  machine  having 
also  a  couple  of  Leyden  jars  attached  to  it  in  the  given  arrangement  of  main 
discharge  circuit,  a,  the  customary  manner  when  supplied  by  the  maker.  A 
discharger,  b,  can  be  arranged  to  bridge  the  gap  between  these  leads,  either 
near  the  machine,  as  B|,  or  about  the  middle,  as  b,,  or  at  the  far  end,  as  Bs. 
Kow,  of  course,  sparks  can  be  obtained  either  at  a  or  at  any  of  the  b  knobs, 
and  all  about  the  same  length;  but  supposing  the  a  knobs  to  bie  brought  nearer 
than  the  b  knobs,  the  spark  would  be  expectSi  to  occur  at  a  only.  Nevertheless 
on  trying  the  experiment,  one  finds  that  every  time  a  spark  occurs  at  a,  a 
longer  spark  occurs  at  b;  it  is  as  it  were,  precipitated  with  a  rush;  and  the 
longest  spark  of  all  is  obtainable  at  the  far  end,  viz .  at  Bg. 

''  Here  are  some  figures,  in  the  obtaining  of  which,  however,  for  convenience 
of  manipulation,  the  b  length  remained  constant  in  each  position,  and  the  least 
length  of  the  determining  spark,  a,  was  the  thing  observed: 

Nearest      Spark  length,  a 3.20       4.15        5.12 

position.     Corresponding  spark  length,  Bi 3.22        4.80        6.18 

Middle       Spark  length,  a 1.92        2.87        2.70 

position.     Corresponding  spark  length,  B, 3.22        4.80        6.18 

Furthest    Spark  length,  a 1.60       2.2         2.45 

position.     Corresponding  spark  length,  B,  ....     3.22       4.80        6.18 
The  electricity  in  the  long  wires  is  surging  to  and  fro,  like  water  in  a  bath 
when  it  has  been  tilted ;  and  the  long  spark  at  the  far  end  of  the  wires  is  due  to 
the  recoil  Impulse  or  kick  at  the  reflection  of  the  wave." 

I  have  also  made  some  interesting  experiments  bearing  on  this  question,  not 
with  the  idea,  however,  of  discovering  anything  new,  but  rather  to  familiarize 
myself  with  these  curious  and  interesting  phenomena  already  pointed  out  by 
Dr.  Lodge.  The  following  is  an  extract  from  an  article  which  I  published  a 
year  or  two  ago,  and  which  \vill  serve  not  only  to  emphasize  the  results  obtained 
by  Dr.  Lodge,  but  will  also  lay  stress  on  some  of  the  remarks  I  have  already 
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First  you  have  the  direct  lightning  stroke:  A  disrnptive  dis- 
charge takes  place  between  the  cloud  and  the  ground,  and  your 
electric  circuit,  or  the  power  station,  is  in  the  direct  path  of  the 
disruptive  discharge.  I  am  glad  to  agree  with  Mr.  Warts,  that 
this  is  a  very  infrequent  phenomena.  I  am  inclined  to  think^ 
however,  that  if  it  takes  place,  it  matters  little  whether  yon  are 
protected  by  lightning  arresters  or  not ;  the  only  thing  you  can 
do  is  to  trust  in  Providence  and  repair  what  is  left  of  the  station. 

But  there  is  a  second  form  of  lightning,  that  is  the  return 
stroke  or  secondary  stroke.  If  a  lightning  discharge  takes  place^ 
or  any  other  disruptive  change  in  the  electrostatic  condition  of 
the  atmosphere,  its  electro-static  field  is  unbalanced,  hence^ 
readjusts  itself,  and  independent  secondary  lightning  dischargea 
take  place  everywhere  in  the  denser  part  ox  the  electro-static- 
field. 

Whenever  lightning  strikes,  in  all  conductors  parallel  to  the 
stroke,  secondary  currents  of  very  high  potential  are  induced^ 
whidi  may  do  a  lot  of  damage  if  not  properly  guarded  against 
by  lightning  arresters. 

But  there  is  still  a  third  and  very  different  form  of  lightnings 
which  is  frequently  overlooked.  Consider  an  electric  trans- 
made  in  connection  with  the  best  means  of  protecting  electrical  apparatus  from, 
the  damaging  effects  of  electric  discharges: 

'*  It  is  well  known  that  disruptive  discharges  form  nodal  or  neutral  points 
along  the  line,  and  that  at  these  points  there  will  be  little  or  no  tendency  to- 
discharge.  If  a  single  arrester  be  connected  to  the  line  it  may,  or  may  not^ 
discharge,  according  to  circumstances;  a  certain  discharge  may  take  place 
across  the  arrester,  or  it  may  pierce  the  insulation  of  an  armature,  or  it  may 
CTen  do  both  at  the  same  time.     In  fact  these  nodal  points  are  not  fixed,  but 


are  constantly  changing  their  positions.  Referring  to  the  acrompanying- 
diagram,  (Fig.  86),  let  a  represent  the  terminals  of  an  influence  machine;  j,  a 
powerful  battery  of  Leyden  jars ;  b,  a  large  spark  gap ;  l,  is  a  wire  which  may 
represent  a  trolley  line;  o,  a  second  wire  wnich  may  represent  the  ground^ 
1,  2,  8,  etc.,  up  to  18,  are  •3/^  of  an  inch  spark  gaps  placed  12  inches  a|:Mut  and 
connected  between  wires  l  and  o.  These  may  represent  as  many  lightning^ 
arresters  connected  to  the  line.  The  connections  and  distances  are  all  clearly 
indicated.  If  now  the  influence  machine,  a,  be  set  in  motion,  the  battery,  j, 
will  become  heavily  charged,  till  finally  a  violent  disruptive  discharge  will  occur 
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xnissioQ  line.  With  regard  to  lightning  potentials,  this  line  is 
<^nnected  with  the  earth,  because  there  is  no  perfect  insalation 
at  these  volta^s. 

If,  now,  a  thunder  cloud  whose  potential  is  very  different  from 
the  potential  of  the  earth,  moves  over  the  ground,  the  cloud 
and  the  ground  will  form  the  two  coatinirs  of  a  condenser,  and 
thereby,  accumulate  very  high  opp  'site  charges.  As  often  as 
discharge  takes  place  between  a  cloud  and  another  cloud,  or  the 
ground,  the  cloud  is  suddenly  discharged,  and  thus,  the  ground 
:also.  The  charge  of  the  line,  however,  which  forms  a  part  of 
|rround,  can  not  disappear  suddenly,  due  to  the  high  insulation 
between  the  line  and  the  ground,  and  the  difference  of  potential 
between  line  and  ground  tims  suddenly  rises  enormously,  the 
^charge  in  the  line  not  being  balanced  now  by  the  opposite 
<shar^  of  the  cloud.  It  is  the  same  phenomenon  as  known  from 
the  electrophorus  of  the  physical  laboratory,  where  by  withdraw- 
ing the  charged  metal  cover  from  the  resin  plate,  the  potential  of 
its  charge  is  raised. 

Now,  this  phenomenon  of  a  lightning  stroke,  due  to  the 
«ndden  release  of  the  gradually  accumulated  electro-static  charge 
in  the  line  is  by  no  means  infrequent,  and  it  is  the  case  where 

at  B,  and  thus  suddenly  charge  the  line,  l,  with  a  diffeient  potential  from 
line,  G,  80  that  there  will  now  be  a  tendency  for  a  disruptive  discharge  to  take 
place  between  lines  l  and  g,  and  in  fact  this  discharge  will  pass  at  one  or  more 
of  the  spark  gaps,  1,  2,  8,  etc.  These  discharges  occur  in  a  great  variety  of 
ways,  the  following  being  a  few  examples:  A  single  brilliant  spark  may  pass 
-at  any  one  of  the  first  ten  gaps.  Two,  three,  and  occasionally  four  simultaneous 
sparlcs,  variously  located,  will  pass  between  one  and  ten ;  sometimes  these  occur 
at  successive  gaps,  but  they  are  more  often  scattered.  In  some  instances  the 
discharges  are  of  equal  brilliancy,  in  others  one  or  two  intense  sparks  would 
pass  one  or  two  gaps,  together  with  a  much  fainter  discharge  or  scarcely 
perceptible  spit  at  any  of  the  other  gaps  included  in  the  first  ten.  A  discharge 
never  occurs  across  any  of  the  last  tnree  gaps.  Four  of  the  first  ten  ^aps  are 
then  increased  to  ij  of  an  inch,  with  the  result  that  the  discharge  frequently 
selects  one  of  these  larger  gaps  in  preference  to  any  of  the  others.  Occasionally, 
however,  sparks  will  jump  one  of  the  larger  gaps,  toother  with  one  or  two  of 
the  smaller  ones,  and  so  an  indefinite  number  of  combinations  can  be  produced 
with  results  emphatically  demonstrating  that  with  several  spark  gaps  there  is 
no  certainty  that  the  discharge  will  take  place  across  any  particular  one  of  them. 

*'  A  i-^  of  an  inch  gap  is  now  connected  at  14,  and  with  every  discharge  at 
Any  one  of  the  first  ten  gaps  a  faint,  thread-like  spark  will  pass  at  14.  It  can 
hardly  be  called  a  disruptive  discharge,  and  is  not  of  h  character  likelv  to  do 
-daraap:e.  This  minute  spark  is  due  to  what  Dr.  Lodge  calls  the  **  recoil  kick," 
that  18,  the  electric  waves  strike  the  ends  of  the  wire  and  recoil  with  increased 
intensity.  When  the  gap  at  14  is  increased,  these  thread-like  sparks  become  less 
and  less  frequent,  till  finally,  when  the  gap  equals  i}  of  an  inch,  they  cease 
4iltogether.  However,  when  only  1  and  14  are  connected  to  the  lines,  brilliant 
•discharges  frequently  occur  at  either  one  or  the  other,  or  at  both. 

'*  Now,  assuming  that  the  above  conditions  and  results  correspond  iu  many 
respects  to  those  found  in  actual  practice,  the  lesson  to  be  learned  is  a  simple 
-one:  Electric  light  and  power  circuits,  should  be  provided  with  spark  gap 
lightning  arresters  at  frequent  intervals  along  the  line.  Four  or  five  to  a  mile 
of  wire  would  seem  to  be  sufficient  in  a  maioritv  of  cases;  in  others  a  fewer 
number  might  suffice.  A  spark  gap  arrester  should  certainly  be  connected  at 
either  end  of  each  line.  An  electric  circuit  well  equipped  with  properly  con- 
structed line  arresters  should  have  little  to  fear  from  disruptive  discharges.*' 
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the  grounded  wire  fails  to  protect,  because  the  grounded  wire  ia 
nothing  but  a  parallel  line  which  will  be  charged  by  electro-static 
influence  at  the  same  time,  and  will  discharge  simultaneously 
with  the  main  line,  without  in  any  way  relieving  the  main  line. 

Against  the  direct  or  secondary  lightning  stroke,  however,  the 
grounded  wire  will  protect  more  or  less. 

I  think  this  is  the  reason  that  such  different  experiences  have 
been  recorded  with  the  grounded  wire,  and  incleed  with  any 
means  of  lightning  protection. 

Thus,  before  trying  to  protect  lines  from  lightning,  we  first 
have  to  learn  what  lightning  is,  and  then  to  see  how  we  can 
guard  against  secondary  stroke,  how  against  the  line  discbarge,, 
the  direct  lightning  stroke,  etc. 

If  a  disruptive  discharge  enters  the  line,  electric  oscillations 
will  be  set  up  therein.  The  frequency  of  these  oscillations  de- 
pends upon  tlie  capacity  and  the  inductance  of  the  line ;  and  the 
number  of  cycles  which  take  place  before  the  energy  of  the  dis- 
charge is  dissipated,  that  is,  the  rale  of  decay  of  the  electric  os- 
cillations, depends  on  the  resistance  of  the  line.  We  can  thus 
easily  determine  what  will  be  the  result  of  introducing  choke 
coils,  that  is,  inductance,  or  resistance  into  the  line. 

If  you  put  in  a  choke  coil,  it  will  increase  the  impedance  of 
that  branch  of  the  circuit  passing  through  the  choke  coil,  and 
therefore  offer  a  certain  inducement  to  the  lightning  stroke  to 
take  the  other  path.  But  even  if  you  have  a  very  large  choke 
coil,  the  impedance  is  not  infinite.  Consequently  a  part  of  the 
stroke  will  go  through,  and  even  if  you  take  99  per  cent,  of  the 
lightning  stroke  off  safely,  the  last  fraction  which  is  left  may 
be  quite  enough  to  cause  any  amount  of  damage.  But  there  is 
another  action  of  these  choke  coils :  the  frequency  of  oscillation 
of  the  circuit  is  lowered,  and  hence  the  danger  reduced,  because 
the  foremost  danger  of  lightning  is  its  secondary  action,  and  by 
reducing  the  frequency  oy  the  insertion  of  self-induction  you 
reduce  this,  which  in  itself  is  a  protection. 

If  an  oscillating  current  passes  through  the  line,  the  space 
around  every  coil  of  wire  becomes  an  oscillating  magnetic  field 
of  forr,e,  and  this  magnetic  field  of  force  will  induce  in  the  same 
wire,  or  in  any  other  wire  in  the  neighborhood,  electromotive 
forces,  and  there  you  have  a  second  secondary  current  produced, 
which  may  do  harm,  while  the  lightning  proper,  or  the  primary 
carrent  may  have  gone  over  the  spark  gap  and  disappeared  harm- 
lessly. So  the  choke  coil,  instead  of  protecting  directly,  oc- 
casionally produces  a  return  stroke. 

With  regard  to  the  way  of  protecting  from  lightning  by  in- 
troducing resistance,  that  is,  by  increasing  the  rate  of  decay  of 
the  electric  oscillations  as  far  as  possible,  or  to  make  the  current 
altogether  a  periodic,  that  is  allow  no  oscillations  to  be  set  up  at 
all,  1  think  it  is  only  just  to  call  attention  here  to  an  old  paper 
read  by  Mr.  Hodges,  before  the  American  Institutic  of  Eleo- 
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TsiGAL  Enginebbs,  at  the  meeting  of  April  21,  1891,  where  he* 
obviously  starts  from  the  same  idea  of  oflferin^  the  lightning  work 
to  do,  by  the  interposition  of  a  very  high  resistance,  and  thereby 
to  dissipate  the  energy  of  the  lightning.^ 

For  merely  sending  the  lightning  stroke  to  the  ground  by  the 
old  lightning  rod  does  not  offer  complete  protection.  An  os- 
cillating current  is  produced  which  goes  down  to  the  ground,  and 
up  again,  until  the  energy  is  expended. 

The  experiments  of  Mr.  Wurts  on  the  increase  of  impedance 
by  the  increase  in  the  number  of  turns  of  the  choke  coil  up  to  & 
certain  number,  and  the  constancy  of  impedance  reached  then^ 
I  do  not  think  conclusive.  If  I  understand  Mr.  Wurts  rightly,  he- 
had  an  electric  oscillator  consisting  of  Leyden  jars  discharging 
through  these  choke  coils,  and  measured  the  e.  m.  f.  by  spark 
electrometer.  Let  us  see  now,  what  will  take  place  in  such  a 
system,  if  we  increase  the  number  of  turns.  The  coefficient 
of  self-induction — the  inductance  since  yesterday — of  the  coil^ 
will  increase  with  the  number  of  turns,  there  is  no  doubt  about 
that ;  the  inductance  increases,  but  with  increasing  inductance 
the  frequency  in  circuit  decreases,  because  the  frequency  depends- 
on  the  inductance  of  the  circuit  Consequently  tne  reactance  a* 
the  product  of  the  inductance  into  the  frequency,  will  not  in- 
crease  proportionately  to  the  inductance.  But  if  you  take  an- 
other circuit  of  a  different  capacity,  you  will  get  again  a  different 
number  of  turns  from  the  last.  The  increased  number  of  turns, 
does  not  offer  an  increased  reactance,  because  the  increased  in- 
ductance is  counteracted  by  the  decrease  of  frequency. 

Thus,  increasing  the  inductance  of  the  coil  bv  increasing  the 
number  of  turns,  increases  the  reactance  proportionately,  only  as- 
long  as  the  coil  inductance  is  small  compared  with  the  total  in- 
ductance of  the  circuit,  and  thus  does  not  much  affect  the  fre- 
quency. 

In  circuits  of  larger  capacity,  you  will  probably  find  the  best 
inductance,  much  larger  than  in  a  circuit  of  comparatively  low 
capacity,  as  the  Leyden  iar. 

With  regard  to  the  pnenomena  described  in  connection  witb 
discriminating  lightning  arresters,  I  have  made  a  few  experi- 
ments, also  at  very  high  voltages.  I  used  two  brass  plates  with, 
a  sheet  of  mica  between.  The  mica  was  projecting  some  inches- 
over  the  brass  plates.  I  exposed  this  apparatus  to  a  voltage  of^ 
30,000  volts.  At  30,000  volts,  beautiful  sparks  were  flowing- 
over  the  edge  of  the  mica,  from  brass  plate  to  plate,  but  no  current 
following.  Then  I  reduced  the  voltage  and  reduced  the  distance- 
from  plate  to  plate  over  the  edge  of  tlie  mica.  The  phenomena 
was  tne  same  ;  brilliant,  white  sparks  were  passing,  but  no  cur- 
rent was  following  down  to  about  5,0(»0  or  6,0i)0  volts,  where  the- 
distance  between  the  plates  was  still  about  one  inch.     But  below 

1.  Tbinsactioits,  vol.  viii ,  p.  159. 
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thirt  voltage  it  failed  to  protect,  bat  tlie  spark  waa  followed  by 
the  arc,  and  the  transformer  short-circuited.  Here  you  find  the 
same  protection,  a  creeping  discharge,  as  yon  may  call  it,  protect- 
ing for  very  high  voltages  where  the  arc  does  not  follow,  but  not 
protecting  for  low  voltages  where  the  arc  does  follow. 

Mb.  Wubts  : — In  regard  to  the  use  of  discrimination  lightning 
arresters  on  high  voltage  circuits,  I  would  say  that  I  have  used 
these  lightning  arresters  on  arc  circuits  up  to  4,000  volts ;  that 
is,  arresters  very  similar  to  the  one  I  have  just  tested,  except 
that  for  these  high  voltages  I  use  two  gaps  in  series  instead  of 
one.  I  have  connected  such  an  arrester  to  the  terminals  of  a 
4,0i)0-volt  arcmachine,  and  then  sent  disruptive  discharges  through 
the  arrester,  across  the  terminals  of  the  machine,  as  I  have 
already  shown  in  connection  with  the  500-volt  lightning  arrester, 
without  any  dynamo  current  following.  The  500-volt  lightning 
arrester  operates  successfully  on  a  1,000-volt  alternator  with 
smooth  body  armature,  but  with  a  toothed  armature  the  arrester 
will  break  down  after  two  or  three  discharges.  With  this  500- 
volt  arrester  connected  to  the  terminals  of  a  street  railway 
generator,  and  sending  disruptive  discharges  through  the  arrester, 
exactly  as  I  have  shown  you,  I  have  counted  the  aischarges  in  a 
number  of  cases  as  hieh  as  5,000.  In  some  instances,  however, 
the  arrester  will  break  down  after  2,000  or  «3,000  discharges ;  but, 
of  course,  it  would  require  a  great  many  thunder  stonns  to  reach 
even  that  number. 

Mr.  Kennelly,  I  remember  now  the  point  you  brought  up,  and 
which  had  slipped  mv  mind  ;  that  is,  about  the  charging  of  the 
wire  by  conduction  from  the  atmosphere.  Many  of  my  ideas 
are  obtained  through  observation,  and  in  connection  with  this 
point,  would  say  that  I  have  known  circuits  to  become  charged 
during  perfectly  clear  weather,  so  that  the  discharges  across  a 
single  lightning  arrester  occurred  at  the  rate  of  1 00  to  140 
a  minute.  It  seems  to  me  that  the  charging  of  the  wire  in  this 
case,  must  of  necessity  be  due  to  conduction  from  the  atmos- 
phere. 

Mr  W.  J.  Jenks: — In  the  course  of  Mr.  Kennelly's  remarks, 
he  expressed  the  opinion  that  the  potential  developed  by  a  light- 
ning  discharge  or  a  similar  current  from  laboratory  apparatus, 
was  no  greater  at  the  end  of  the  circuit,  where  the  aischarge 
found  difficulty  in  escaping,  than  at  other  points  on  the  line.  I 
would  like  to  secure  his  idea  of  what  happened  in  a  case  which 
occurred  in  Massachusetts  some  years  ago,  where  the  facts  are 
vouched  for  by  Captain  Wm.  Brophy,  the  well  known  insurance 
inspector.  In  18S2  there  was  in  connection  with  the  telephone 
exchange,  in  Worcester,  a  line  running  from  the  central  office, 
some  three  miles  to  the  residence  of  a  prominent  citizen.  There 
were  live  instruments  on  the  wire,  but  the  discharge  manifested 
itself  strongly  at  the  lightning  arresters  of  only  two  of  these 
stations.    The  fourth  from  the  central   office  showed   decided 
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blackening  of  the  arrester  plates.  At  the  end  farthest  back  into 
the  country,  and  perhaps  one  mile  from  the  point  where  the  bolt 
appeared  to  fall,  the  great  force  of  the  charge  was  apparently  ex- 
pended ;  the  telephone  with  its  bell  and  bracket  was  torn  from 
the  wall  and  thrown  several  feet  into  the  room.  The  inside  wir- 
ing and  ground  connections  were  left  intact,  but  the  iron  line 
wire,  No.  12  b.  w.  g.,  absolutely  disappeared  for  a  distance  of  four 
stretches,  the  three  poles  nearest  the  nouse  being  entirely  torn  to 
pieces  by  the  shock.  One  was  splintered  from  top  to  bottom  into 
Kindling  wood ;  the  next  was  bnrst  as  from  a  charge  of  powder 
at  its  heart,  and  cut  off  squarely  some  five  feet  above  the  ground ; 
the  third,  where  the  remaining  current  had  evidently  made  its 
way  to  earth,  had  a  deep  cliannel  cut  in  it,  following  the 
grain  of  the  wood  from  top  to  bottom. 

It  would  appeal'  that  a  rush  of  electrical  energy,  finding  no 
adequate  outlet,  exercised  upon  this  extreme  end  of  the  line,  an 
action  similar  to  that  of  a  mass  of  water  rushing  down  a  pipe 
closed  at  one  end.  the  arrested  energy  being  sufficient  to  utterly 
destroy  the  conducting  wire  at  the  point  where  it  failed  to  find 
an  escape;  also  that  a  certain  amount  may  have  surged  back 
with  a  sharp  recoil,  blackening  the  lightning  arrester  next 
towards  the  central  office.  In  this  case,  perhaps  one  of  the 
branches  or  ramifications  of  the  lightning  flash  which  Mr.  Wurts 
has  described  in  his  paper,  may  possibly  have  struck  the  line, 
and  it  would  seem  that  as  the  wire  apparently  carried  the  entire 
current  for  a  considerable  distance  without  any  sign  of  excessive 
heating  or  without  any  escape  to  earth  which  left  a  trace,  the 
peculiar  phenomena  at  the  end  of  the  line  may  have  been  the 
result  eitlier  of  an  intensified  potential,  or  an  oscillatory  effect 
by  means  of  which  a  portion  of  the  energy  was  dissipated  in 
vaporizing  the  wire.  It  is  also  my  belief  that  there  are  special 
local  spots  or  lines  of  attraction  within  the  crust  of  the  earth, 

{)0ssibly  corresponding  to  underground  water  courses,  to  which 
ightning  discharges  often  make  their  way  in  preference  to  fol- 
lowing what  would  naturally  be  considered  easier  paths  through 
small  air  spaces  and  heavy  ground  wires,  which  may  communi- 
cate with  subterranean  regions  of  inferior  conductivity.  I 
witnessed  some  years  ago  some  experiments  with  the  ancient  and 
much-derided  divining  rod  or  forked  twig,  which  strengthened 
my  beh'ef  in  these  special  lines  of  attraction,  and  I  am  not 
aware  that  the  theory  to  which  such  phenomena  point,  has  ever 
been  disproved. 

Mb.  Kknnelly  : — I  should  be  very  sorry  to  try  to  explain 
what  happened  in  the  interesting  case  mentioned  by  Mr.  Jenks, 
and  in  fact,  as  all  admit,  our  knowledge  must  be  very  much  more 
complete  than  it  is  now,  before  we  can  attempt  to  bring  light- 
ning or  its  effects  under  exact  rule.  But  I  think  we  may  fairly 
infer  that  if  there  existed  at  the  end  of  the  wire  the  condition 
which  exists  at  the  end  of   a  water  pipe  when   water  rushes 
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through  the  pipe,  we  should  expect  that  that  laat  spark  gap  here 
before  as,  should  indicate  far  more  spark  discharges  than  any  of 
the  middle  points.  Daring  the  continuance  of  tnis  experiment 
just  now,  I  counted  the  number  of  sparks  at  the  different  gaps, 
and  I  did  not  find  any  preponderance  during  that  time  oi  any 
one  gap  over  another.  I  think  if  Mr.  Wnrts  were  to  repeat 
that  for  us  again,  that  would  be  again  the  case,  whereas  if  the 
theory  were  true  that  any  reaction  existed  at  the  end  of  the 
wire  whereby  the  pressure  was  greater  there  than  at  any  inter- 
mediate point,  there  should  be  a  large  preponderance  of  dis- 
charges at  the  last  gap.  in  regard  to  Mr.  Jenks'  case,  it  is 
certainly  from  his  observation  a  matter  of  fact,  that  in  this  par- 
ticular case  the  discharge  was  far  more  violent  at  the  ends  of 
the  line  than  at  the  middle  point. 

In  regard  to  Mr.  Wurts'  interesting  observation  that  140  or 
144  discharges  took  place  on  that  line  in  fair  weather,  all  I  can 
say  is  that  we  are  glad  that  we  have  not  to  deal  with  anything  of 
that  kind  in  this  more  favored  land.  But  in  regard  to  any  de- 
duction to  be  made  from  that  state  of  things,  surely  if  the 
charge  were  being  accumulated  by  soaking,  as  it  were,  out  of 
the  air,  there  would  be  a  steady  current  produced.  Why  should 
it  accumulate  and  jump  every  third  of  a  second  when  it  has  a 
chance  of  running  steadily  through?  If  it  is  a  gradual  soaking 
in  from  the  layer  of  air,  why  should  it  wait  half  a  second  ana 
make  a  jump,  and  why  shouldn't  there  be  a  continual  stream 
instead  of  an  oscillatory  disturbance,  which  argues  oscillatory 
effects  taking  place  somewhere  in  the  upper  regions  of  the 
atmosphere. 

Mb.  Worts  : — The  circuit  to  which  I  referred  was  not  a  trolley 
circuit;  it  was  a  high  voltage  metallic  circuit;  was  therefore  well 
insulated  from  the  ground,  and  the  charge,  having  no  oppor- 
tunity to  leak  to  eartli,  accumulated  until  discharge  took  place 
across  the  arrester. 

In  regard  to  the  preponderance  of  discharges  at  the  end  of  a 
line,  I  can  hardly  agree  with  you  that  the  charges  would  pass 
more  frequently  at  the  end  by  reason  of  the  increased  tension 
there,  for  the  reason  that  there  is  an  enormous  impedance  in  the 
line,  and  if  a  spark  gap  arrester  be  connected  at  an  intermediate 
point,  and  at  a  point  were  there  is  a  maximum  tendency  to  dis- 
charge, the  discharge  will  take  place  there,  rather  than  follow 
through  any  considerable  length  of  wire  in  order  to  discharge 
through  an  "arrester  placed  at  the  end.  Had  time  permitted,  I 
might  have  illustrated  that  point  by  actual  experiment. 

Before  the  discussion  closes,  1  should  like  to  make  a  few  re- 
marks upon  the  method  of  applying  insulating  material  to  elec- 
tric apparatus,  and  particularly  electric  street  railway  apparatus. 

The  fundamental  principle  of  this  non-arcing  railway  light- 
ning arrester  which  I  have  just  shown  you,  is  based  upon  the 
fact  that  disruptive  discharges  pass  more  readily  over  surfaces 
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than  through  insulating  medio,  such  as  air,  or  the  well-known 
insulating  materials  used  in  electrical  apparatus.  For  example, 
an  electric  spark  will  jump  five  or  six  inches  across  a  glass, 
marble  or  wooden  surface,  where  it  would  not  pierce  through 
1^  of  an  inch  of  insulating  material.  Further,  if  flat  pieces  of 
marble,  wood  or  other  insulating  material  be  laid  together,  ex- 
actly as  is  done  in  the  construction  of  the  non-arcing  railway 
lightning  arrester,  the  discharge  spark  will  readily  pass  hetwe&n 
these  flat  surfaces,  in  fact  quite  as  easily  as  before,  and  nothing 
will  be  broken  or  ruptured.  Similarly,  if  a  discharge  spark 
tends  to  pass  from  a  copper  wire  wouna  with  insulating  tape,  icy 
the  iron  body  or  core  or  an  armature,  this  spark  will  find  an  easy 

Eath  between  the  convolutions  of  insulating  tape,  and  will  pass 
etween  these  convolutions  without  piercing,  or  in  any  way 
damaging  the  insulation.  In  practice,  however,  the  dynamo- 
current  immediately  follows  this  discharge  spark,  and  the  insula- 
tion is  then  and  thereby  damaged. 

I  have  had  a  wide  experience  in  making  observations  of  this 
kind,  and  it  has  been  my  unvaried  observation,  that  armatures 
insulated  in  the  above  manner,  and  in  general,  surface  wound  arma- 
tures, are  very  sensitive  to  atmospheric  electrical  disturbances. 
I  have  also  observed  that  street  railway  apparatus  insulated  with 
homogeneous  insulation,  which  I  am  pleased  to  note  is  now  used 
in  the  best  grade  of  street  railway  apparatus,  is  rarely  damaged 
bv  lightning  when  protected  with  a  reasonable  number  of  light- 
ning arresters. 

Mb.  Steinmetz  : — I  think  this  very  instance  Mr.  Wurte  men- 
tioned of  a  lightning  stroke  out  of  a  clear  sky,  is  such  a  case  as  I  have 
referred  to ;  because  there  the  electro-static  field  in  the  atmos- 
phere, changing  constantly  and  rapidly  by  changes  taking  place 
m  the  higher  regions  of  the  atmosphere,  causes  rapid  variations 
of  the  charge  of  the  ground,  and  the  wire  being  part  of  the 
ground  due  to  its  charge  or  discharge,  sparks  must  constantly 
cross  the  air- gap. 

The  circumstances  described,  are  just  the  most  favorable  for 
this  phenomenon :  A  clear  sky  in  parts  of  the  country  where 
thunder  storms  are  frequent,  and  large  differenc^of  electro-static 
potential  exist  in  the  atmosphere.  A  layer  of  hot  air,  the  best 
insulator,  separates  the  ground  as  one  condenser  coating,  from 
the  higher  regions  of  the  atmosphere  as  the  other  condenser  coat- 
ing. Any  change  in  the  electrical  conditions  of  the  atmosphere 
causes  corresponding  charges  and  discharges  between  the  ground 
and  the  wire.  You  can  see  the  same  in  Leyden  jars  occasionally. 
If  you  have  the  outer  coating  of  the  Leyden  jars  cut  into  small 
squares  of  tin  foil,  then  by  charging  the  jar  you  see  brilliant 
sparks  passing  over  the  outer  surface  to  the  hand. 
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Mbrtino  of  Westkbn  Members  at  Chicago,  May  23d,  1894. 

A  meeting  of  the  western  members  of  the  Institute  was  held 
on  May  23d  at  which  Mr.  Wurts'  paper  on  Discriminating 
Lightning  Arresters  was  read  by  the  author.  The  meeting  was 
held  at  the  Armour  Institute,  Chicago,  where  special  prepa- 
rations had  been  made  by  Professor  Stine  and  his  assistants,  in 
arranging  apparatus  for  the  experiments  accompanying  Mr. 
Wurts'  paper.  About  140  members  and  guests  were  present. 
Mr.  B.  J.  Arnold  was  chosen  Chairman  for  the  evening. 

Discussion. 

Tub  Chairman: — I  am  sure  we  have  all  been  benefited  by 
the  excellent  paper  which  we  have  just  heard,  and  the  many  in- 
teresting experiments  shown  as  to-night.  I  wish  personally  to 
express  my  thanks  to  Mr.  Wurts,  for  the  knowledge  I  have 
gained.  1  have  found,  contrary  to  my  former  instructions,  that 
single  lightning  arresters  do  not  arrest.  I  was  instructed  by  my 
firm  several  years  ago  when  I  was  engaged  in  the  selling  business, 
to  the  effect  that  their  lightning  arresters  were  absolutely  reliable, 
and  to  guarantee  them  so.  The  result  was  that  when  lightning 
entered  the  station  and  caused  damage,  I  was  forced  to  give  the 
parties  new  lightning  arresters,  and  otherwise  make  apologies 
and  amends.  I  now  nnd  that  I  made  a  serious  mistake,  and  that 
instead  of  giving  them  new  lightning  arresters  without  charge, 
I  should  have  sold  more  lightnmg  arresters. 

Mr.  Farnham  and  others  have  complimented  the  last  Chicago 
meeting  upon  the  capable  way  in  which  it  handled  the  discussion 
of  his  paper,  thus  paying  the  western  members  of  the  Institutb 
a  high  tribute.  The  paper  before  us  to-night  is  one  of  value ;  it 
has  been  delivered  in  a  very  excellent  manner,  and  is  worthy  of 
the  highest  consideration  at  our  hands,  and  I  hope  the  members 
present  will  avail  themselves  of  the  opportunity  presented,  and 
endeavor  to  maintain  the  standard  which  has  been  set  for  these 
meetings.  I  will  call  on  Mr.  A.  V.  Abbott,  Chief  Engineer  of 
the  Cljicago  Telephone  Co.,  to  open  the  discussion. 

Me.  a.  V.  Abbott: — I  have  been  very  deeply  interested  in 
the  instructive^paper  which  Mr.  Wnrts  has  just  presented,  the 
subject  bringing  vividly  to  my  mind  former  experience  with 
lightning  arresters  in  electric  railway  work.  I  can  fully  sub- 
stentiate  Mr.  Wurts'  experience  with  lightning  in  Colorado  and 
the  freaks  which  it  plays  with  Colorado  street  railways.  I  do 
not  know  of  any  other  place  in  the  world  where  there  is  so 
much  lightning  to  the  square  inch  as  in  Colorado,  nor  where 
lightning  storms  come  with  such  suddenness  and  regularity. 
Out  of  the  Cheyenne  Canon,  one  may  always  look  for  thunder- 
storms during  the  months  of  June,  July  and  August  at  two 
o'clock  in  the  afternoon,  with  the  greatest  regularity ;  in  fact,  1 
have  heard  it  asserted  that  some  of  the  inhabitants  of  the  Springs 
set  their  clocks  by  the  first  flash. 
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Mr.  Wnrts  has  called  our  attention  to  the  advisability  of  pro- 
viding each  circuit  with  a  suflBcient  number  of  lightning 
arresters. 

Some  three  or  four  years  ago  I  had  the  pleasure  of  doing  con- 
siderable electrical  railway  work  in  the  West.  At  that  time  the 
street  railway  of  Salt  I^ke  City  was  suffering  severely  every 
summer  from  the  destruction,  both  of  their  motor  and  generator 
armatures,  due  to  lightning.  At  that  time  the  station  of  the 
Salt  Lake  Street  Rauway  Company  was  protected  by  lightning 
arresters,  but  few  or  none  were  introduced  into  the  line  itseliT 
A  recommendation  was  made  to  equip  the  entire  line  with  light- 
ning arresters,  in  the  hope  of  lessening  the  trouble  experienced, 
but  1  believe,  owing  to  the  expense  involved,  this  recommenda- 
tion was  not  carried  into  effect.  At  about  the  same  time  I  com- 
pleted the  Ogden  City  Street  Railwajjr,  and  there  arranged  to 
place  a  number  of  lightning  arresters  m  the  station,  and  also  to 
protect  the  line  itself,  by  lightning  arresters  located  on  the  poles 
themselves,  at  intervals  of  at  least  every  mile.  Ogden  is  so 
near  Salt  Lake  City,  that  it  would  seem  the  atmospheric  electri- 
cal conditions  would  be  nearly  the  same  in  both  cities.  So  long 
as  I  continued  in  direct  contact  with  the  Ogden  City  railway,  no 
trouble  whatever  was  experienced  with  either  the  motors  or  the 
generators  from  lightning,  although  many  severe  storms  occurred 
after  the  completion  of  the  road,  and  so  far  as  I  am  aware,  no 
difficulty  has  since  been  experienced. 

In  the  case  of  another  road  in  the  South,  where  thunderstorms 
are  nearly  as  severe  as  those  of  Colorado,  a  succession  of  gener- 
ator armatures  were  damaged  during  the  first  summer  of  the 
road's  operation. 

The  introduction  of  lightning  arresters  along  the  lines,  spacing 
from  2500  to  3000  feet  upon  the  poles,  removed  the  difficulty  as 
far  as  I  am  informed. 

In  constructing  the  Lake  Roland  Elevated  Railway  of  Balti- 
more, the  practice  was  adopted  of  placing  lightning  arresters  on 
every  twentieth  pole;  practically  every  naif  mile  of  the  road. 
Baltimore  is  also  subjected  to  very  severe  thunderstorms  in  the 
summer  time,  and  this  number  of  lightning  arresters  seems  to 
have  afforded  a  security  against  injury  from  lightning. 

The  experiments  of  Mr.  Wurts  and  Dr.  Hertz  have  shown 
very  conclusively  that  in  electrical  circuits,  nodal  points  will  be 
formed  at  different  places  along  the  line,  depenaing  upon  the 
varying  conditions  of  the  electrical  state  of  atmosphere.  If  the 
position  of  the  nodal  points  could  always  be  predicted,  lightning 
arresters  placed  at  the  anti-nodes  would  be  sufficient  to  protect  the 
lines,  but  as  the  location  of  these  points  changes  from  time  to 
time,  it  is  essential  to  place  a  sumcient  number  of  lightning 
arresters,  to  be  sure  that  the  anti-nodal  points  are  always  reasonably 
guarded.  It  is,  therefore,  advisable  to  be  liberal  in  the  use  of 
lightning  arresters. 
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Attention  has  been  called  to  the  desirability  of  securing  ^ood 
and  adequate  grounds  for  all  lightning  arresters.  A  good  ground 
certainly  does  no  harm.  In  the  instances  previously  alluded  to, 
the  station  grounds  were  made  by  bringing  the  lightning  arres- 
ters to  the  station  machinery  and  especially  to  the  engines,  for 
as  the  engines  were  compound  condensing,  they  were  always 
located  in  direct  connection  with  good  water  supply.  It  has  also 
been  my  custom  to  connect  station  lightning  arresters  to  gas  and 
water  mains,  as  an  additional  protection.  The  circuit  lightning 
arresters  are  always  connected  to  the  return  circuit  of  the  street 
railway,  in  addition  to  being  grounded  by  means  of  a  long  iron 
rod,  driven  so  deeply  into  tne  ground  as  to  reach  permanently 
moist  strata,  and  soldering  the  lightning  arrester  wire  to  the 
projecting  end  of  this  rod. 

Dr.  Lodge,  however,  has  called  our  attention  to  the  fact  that  a 
lightning  arrester  grounded  through  considerable  ohmic  resis- 
tance will  apparently  work  sufficiently  well,  the  extremely  hi^h 
rate  of  oscillation  of  the  lightning  discharge  causing  any  circuit 
to  present  such  an  amount  of  impedance  as  to  render  the  ohmic 
resistance  a  very  small  proportion  to  the  effective  circuit  resis- 
tance, in  anything  but  the  poorest  kind  of  grounds. 

Mr.  LiiDWio  Gdtmann: — I  have  been  very  much  pleased  and 
interested  in  Mr.  Wurts'  paper  and  experiments,  and  having  had 
some  little  experience  in  that  line,  I  wish  to  call  attention  to 
some  points  which  are  not  sufficiently  brought  out,  or  not  touched 
at  all  in  this  very  timely  and  instructive  paper. 

To  begin  with,  as  Mr.  Wurts  states  clearly,  that  the  lightning 
arrester  (so  called)  is  a  device  which  does  not  arrest  lightning,  1 
wish  to  say  that  this  name  is  not  only  misleading  but  is  wrong. 
What  we  wish  to  accomplish  is,  to  conduct  these  high  tension 
and  dangerous  currents  tnrough  circuits  especially  prepared  for 
them  to  ground,  to  avert  destruction  of  pro|>erty.  We  therefore 
"deflect"  the  lightning  from  our  circuits,  through  other  more 
favorable  ones,  to  ground;  and  therefore  a  more  appropriate 
name  for  such  device  would  be  "  lightning  deflector." 

He  further  criticizes  the  central  station  men  for  their  action 
on  this  question  under  discussion,  and  their  wrong  views,  and 
while  this  criticism  may  be  well  founded,  I  believe  that  manu- 
facturers and  constructing  engineers  are  more  to  blame  for  this 
state  of  affairs.  They  never  or  seldom  have  given  any  instruc* 
tions. 

In  1890  I  was  sent  to  Guthrie  (Oklahoma  Ter.)  to  investigate 
and  repair  a  dynamo  which  was  struck  by  lightning.  On  ex- 
amining the  "ground,"  I  found  the  lightning  deflector  connected 
with  a  copper  wire  to  a  two  foot  iron  rod-  4  in  diameter  driven 
into  the  dry  stone  wall  of  the  building.  The  central  station  pro- 
per and  this  rock  wall  were  situated  below  the  street  level.  To 
assure  good  connection  between  this  rod  and  the  deflector,  the 
wire  was  twisted  round  the  rod  some  six  or  eight  times.     I  sub- 
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stituted  this  supposed  ground  by  a  sheet  of  copper  1^  feet  wide 
and  8i  to  4  feet  long.  The  same  was  closed  U|>  to  form  a  cylinder 
and  was  provided  with  J  in.  holes  through  which  several  conduc- 
tors of  No.  8  copper  wire  were  threaded  the  entire  length  of  the 
cylinder  and  then  soldered.  The  object  of  this  was,  that  should 
a  discharge  melt  the  solder,  the  connecting  wire  could  not  be  de- 
tached from  the  cylinder  but  would  remain  in  metallic  contact 
with  this  large  earth  plate.  A  hole  was  made  below  the  floor 
some  four  feet  deep,  and  a  layer  of  coke  spread  on  the  bottom, 
then  the  cylinder  was  placed  on  edge  and  filled  up,  surrounded 
and  also  completely  covered  with  coke.  Finding  while  digging, 
that  there  was  little  or  no  moisture  in  the  ground,  I  ordered  it 
to  be  soaked,  by  throwing  several  buckets  of  water  on  it;  and 
further,  after  completing  tliis  work,  the  floor  was  not  nailed  down, 
but  a  trap  door  provided,  so  as  to  a£ford  convenient  means  for 
inspecting  the  ground  plate  and  also  for  keeping  the  ground 
moist. 

Mr.  Wurts  is  perfectly  correct  when  he  criticizes  the  action  of 
central  station  men  for  condemning  a  lightning  deflector  which 
apparently  did  not  live  up  to  their  expectations.  There  are  a 
number  of  good  devices  on  the  market,  out  unless  installed  pro- 
perly, and  systematically  arranged,  no  good  results  can  be  ex- 
pected. I  believe  that  the  present  arrangement  is  poor  practice, 
which  I  have  criticized  frequently,  but  never  on  anv  occasion 
like  the  present.  I  refer  to  the  proper  location  of  lightning  de- 
flectors. I  have  alwavs  held  that  tneir  place  is  on  the  line,  and 
in  front  of  the  central  station,  but  not  in  the  station. 

In  my  opinion  it  is  rather  short-sighted  policy  to  place  a  well- 
finished  lightning  deflector  on  the  switchboard,  so  as  to  enhance 
the  appearance.  It  is  a  fact  and  a  practice  that  is  generally  in- 
dulged in.  Lightning  deflectors  can  be  found  on  many  switch- 
boards or  at  least  in  the  central  stations  without,  I  dare  say,  a 
siii£^le  exception. 

This  device,  however  nice  looking,  is  not  a  voltmeter  or  other 
necessary  switchboard  instrument,  and  should  not  be  placed  on 
the  switchboard.  Its  place  should  be  outside  the  station,  within 
a  few  feet  of  the  building  and  located  conveniently  to  the  circuits. 
We  find  a  central  station  with  6  to  12  or  more  miles  of  overhead 
wires  "protected"  (it  is  said)  by  a  single  lightning  deflector  in 
the  station.  What  is  the  result  of  this  illogical  practice  ?  All 
high  tension  currents  within  this  distance,  caused  to  flow  by 
direct  communication  or  induction  from  lightning  discharges  in 
these  wires  hcuoe  to  travel  all  the  distance  to  the  station  for  the 
only  purpose  of  again  being  conducted  out  of  the  sa/me^  into  the 
grov/nd.  Why  permit  them  to  come  to  the  station  at  all  ?  Why 
not  keep  them  out  by  leading  them  to  the  ground  or  dissipating 
them  before  they  reach  the  station. 

Sometimes  lightning  once  conducted  to  the  station  prefers  to 
go  to  ground  through  a  dynamo,  which  owing  to  its  large  surfaces 
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of  armature  and  polo-pieces  is  a  far  more  efiicieDt  lightning  de- 
flector, especially  as  generally  it  has  a  far  better  and  larger 
ground  plate  than  the  deflector  proper.  This  will  be  clear,  if  we 
remember  that  the  concrete  foundation  and  anchor  bolts  are 
directly  connected  to  the  dynamo  base  plate.  If  no  favorable 
path  to  ground  was  furnished  in  the  station  there  would  be 
no  tendency  for  the  lightning  to  affect  the  electrical  machines. 

Another  point  of  importance  to  which  I  wish  to  call  your 
special  attention  is  the  necessity  of  a  good  ground,  because  it  be- 
longs to  the  '*  system,"  and  none  of  the  deflectors  will  work 
unless  this  ground  is  in  proper  condition. 

Now  let  us  look  at  present  practice.  When  a  station  is  in 
course  of  construction,  much  importance  is  give.n  to  the  ground 
plates,  and  generally  they  are  well  made  bemuse  the  cost  of  the 
plant  is,  at  this  stage,  ever  present  before  the  eyes  of  the  con- 
structing engineer.  The  ground  plate  is  made  and  buried,  and 
because  it  is  ouried,  it  is  soon  forgotten  and  relegated  to  the  dead. 
We  And  superintendents  test  daily  for  grounds  and  leakage,, 
where  they  do  not  want  to  find  them,  but  1  have  never  heard  of 
an  instance  where  a  test  has  been  made  on  a  ground  where  it 
ought  to  be.  The  former  test  is  no  doubt  much  the  more  im- 
portant, as  it  refers  to  additional  consumption  of  coal  which  may 
amount  to  several  dollars  a  day,  while  the  latter  would  mean  but 
an  occasional  loss  of  several  hundred  or  thousand  dollars. 

On  only  one  occasion  have  I  been  in  doubt  as  to  which  name 
is  the  more  appropriate  one,  "  lightning  arrester"  or  "lightning 
deflector."  Ihis  doubt  was  caused  by  the  performance  of  some 
two  dozen  or  more  lightning  arresters  nicely  arranged  on  a 
special  board  just  below  the  cupola  in  a  New  York  central  sta- 
tion, whose  feed  wires  connected  to  circuits  extending  as  well 
over  down-town  as  up-town  districts.  Lightning  discharges 
could  be  observed  and  heard  without  fail  as  soon  as  there  was  a 
thunderstorm  in  that  city.  These  discharges  were  frequently 
heavy  ones,  and  sounded  in  the  spacious  station  like  the  report  of 
a  shot-gun.  On  one  of  these  occasions  these  lightning  arresters 
very  effectually  arrested  the  lightning,  for  it  did  not  leave  the 
station  but  burnt  up  the  arresters,  the  cupola,  feeders  and  switch- 
board so  completely,  that  the  company  had  to  supply  its  con- 
sumers by  the  aid  of  other  central  stations. 

This  particular  station  had  a  most  excellent  ground  terminal, 
which  consisted  of  a  large  iron  pipe  about  two  teet  in  diameter 
extending  into  the  river,  but  as  to  the  conditions  of  the  deflector 
terminals  to  this  pipe  I  do  not  know. 

To  sum  uj) ;  a  central  station  can  be  effectually  protected  :  1, 
by  locating  lightning  deflectors  on  and  along  the  lines  and  pro- 
vided with  proper  grounds ;  2,  bv  locating  some  deflectors  near 
the  station  and  providing  means  for  conveniently  inspecting  the 
terminals  and  tne  state  of  the  ground,  especially  as  the  earth 
changes  in  conductivity  at  various  seasons ;  3,  by  artificially  pro- 
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viding  means  to  moisten  the  ffronnd  manually  or  otherwise  where 
necessary ;  and  4,  reducing  hre  risks  by  having  no  lightning  de- 
flectors inside  the  station  itself. 

The  followinff  communication  from  Mr.  C.  C.  Haskins  was^ 
read  by  the  local  honorary  secretary. 

Me.  Haskins  : — I  regret  being  unable  to  attend  this  meeting, 
I  have  been  much  interested  in  studying  Mr.  Wurts'  paper,  and 
it  brings  back  the  old  days  when  our  telegraph  instruments  were 
at  the  mercv  of  the  disruptive  discharges  of  heaven's  artillery^ 
and  our  only  lightning  arrester  was  a  liffhtning  rod — our  only 
refuge  of  safety  was  to  open  the  keys  all  along  the  line,  and  thu» 
extemporize  an  air  break  at  every  office.  Those  were  the  dayft 
when  there  were  no  binding  posts  on  the  telegraph  desk,  before 
which  the  operator  stood  (because  it  was  deemed  unhealthy  to 
sit  down),  and  mercury  cups  bored  into  the  hard-wood  (iesk 
served  for  connections. 

Then  this  was  improved  upon  by  cutting  out  the  office,  usin^ 
the  abbreviation,  s.  f.  1.,  as  a  notice  that  such  action  was  about 
to  be  taken.  After  this  came  the  ground  plate  terminal  with 
saw-tooth  edges  brought  extremely  close  to  two  plates  connected 
with  the  line  on  either  side  of  the  office.  This  was  improved  by 
making  one-half  the  edge  of  each  plate  saw-toothed,  and  the 
other  half  plahi,  to  provide  for  discharges  from,  as  well  as  ta- 
the  earth.  This  was  varied  so  that  points  were  made  with  ad- 
justing screws,  that  the  distances  miglit  be  regulated  at  the  air- 
gap,  reducing  or  increasing  this  at  will ;  and,  besides,  these^ 
pomts  sometimes  fused  and  required  separation  after  a  discharge 
had  made  a  permanent  ground.  Mr.  C.  H.  Summers,  the  West- 
ern Union  electrician,  invented  a  lightning  arrester  for  tele- 
graph purposes  which  proved  a  good  one.  save  that  after  every^ 
successful  protection  it  was  necessary  to  rearrange  it.  A  fine 
wire,  silk  insulated,  was  wound  several  times  around  an  upright 
brass  cylinder  which  was  connected  to  ground.  This  wire  waff 
connected  to  the  line.  Any  discharge  sufficiently  energetic  to  do 
mischief  to  the  instruments,  burned  the  insulation  next  the 
cvlinder,  and  welded  the  line  to  ground,  or  at  least  discharged 
the  wire  to  earth. 

The  condensers,  introduced  into  duplex  and  quadruplex  work,, 
to  some  extent  played  the  part  of  lightning  arresters  in  tel- 
egraphy, and  the  gradual  weakening  of  the  discharge  is  forcibly 
illustrated  in  its  action  upon  the  plates  of  foil. 

I  was  assisting  Professor  Gray  with  his  way-duplex,  in  187T, 
We  were  successfully  operating  the  line  from  Chicago  to  Du- 
buque, transmitting  through  business  between  the  two  terminals,, 
while  between  20  and  30  offices  were  doing  local  business  on  the 
same  wire  at  the  same  time.  Condensers  formed  part  of  the 
equipment  at  each  office.  A  severe  thunder  storm,  lasting  half  a 
day,  grounded  the  line,  and  I  started  for  the  break.   I  found  not 
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one,  but  sereral  troubles,  all  in  the  condensers.  In  some  three 
or  four  of  these,  the  current  had  bored  its  wav  through  many 
sheets  of  the  tin  £oi]  and  paraffined  paper,  the  hole  growing 
gradually  smaller  as  it  passed  down,  until  it  was  entirely  lost. 
The  largest  hole  was  nearly  or  quite  a  sixteenth  of  an  inch  in 
diameter. 

To  remedy  the  difficulty  I  took  the  condensers  apart  and 
turned  the  sneets  of  foil  so  as  to  make  the  holes  breaR  joints, 
and,  by  riding  on  all  sorts  of  trains,  and  doing  a  deal  of  hurry- 
ing, I  managed  to  get  the  line  working  in  a  comparatively  short 
time.  The  condensers,  fortunately  for  us,  were  not  so  firmly 
pressed  together  as  to  prevent  their  being  overhauled  in  the  way 
described. 

While  the  slopping  over  of  a  disruptive  discharge,  if  I  may 
use  the  expression,  is  probably  chargeable  with  much  mischief, 
I  think  more  credit  is  due  to  induction  than  it  generally  re- 
ceives in  these  disturbances.  A  case  in  point  here,  some  years 
ago,  will,  perhaps,  have  some  interest.  A  scheme  was  developed 
by  the  race-tract  people  to  run  horses  by  night,  and  the  project 
was  ably  seconded  by  an  electric  light  company.  A  plant  was 
placed,  and  the  lights  started.  The  project  was  a  failure,  for  the 
horses  objected  to  the  lights.  The  plant  was  discontinued,  and 
several  hours  after  the  fire  was  out  under  the  boiler,  a  lineman, 
who  was  taking  down  the  wire,  was  nearly  prostrated  by  a  shock 
from  the  line,  while  standing  on  the  ground.  There  was  some- 
thing over  a  mile  of  No.  6  copper  wire  in  the  line,  one  end  of 
which  was  hanging  in  the  air,  while  the  other  was  grounded 
through  the  lineman.  There  was  no  appreciable  electrical  dis- 
turbance in  the  elements,  but  there  was  in  the  wire  an  induced 
charge. 

A  well-known  electrician  here,  while  in  a  suburban  street  car, 
during  a  thunder  storm,  saw  a  house  at  a  distance  of  half  a  mile 
or  so  away,  across  the  prairie,  struck  by  lightning,  and  distinctly 
felt  the  prickling  sensation  of  escaping  electricity— evidently 
an  induced  effect.  This  is,  perhaps,  not  exactly  patent  to  the 
matter  of  lightning  arresters,  but  possibly  bears  indirectly  on  the 
subject. 

iTp  to  within  a  very  few  years,  a  considerable  amount  of  in- 
genuity was  expended  in  the  endeavor  to  make  use  of  electro- 
magnetism  in  constructing  lightning  arresters.  But  the  time 
required  to  energize  the  core  was  sufficient  to  permit  the  mis- 
chievous current  to  do  its  work  before  the  (5lrcuit  was  opened. 
It  always  seemed  to  me  like  a  case  of  electioneering  after  the 
polls  were  closed.  There  are  other  and  good  devices,  notably 
those  of  Professor  Thomson,  with  which  you  are  all  familiar. 

Me.  Geo.  M.  Mayer: — While  I  cannot  really  discuss  Mr. 
Wurts'  able  paper  on  lightning  arresters  such  as  used  in  connec- 
tion with  light  and  power  stations,  yet  I  feel  that  I  can  contrib- 
ute  something  from  my  experience  with  lightning  arresters  on 
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telegraph  and  telephone  lines.  Judging  from  this  experience  I 
am  inclined  to  believe  that  to  protect  a  station  and  its  apparatus 
from  lightning,  the  only  proper  way  is  to  place  the  lightning 
arresters  outside  of  such  station,  and  in  the  way  the  author  pro- 
poses or  has  done  already,  and  from  all  indications  successfully. 

Mr.  Wurts  has  mentioned  that  a  lightning  discharge  prefers  to 
travel  over  a  smooth -surf ace,  as,  for  instance,  a  pohshed  marble 
plate  in  preference  to  an  air-ga]).  The  Government  Telegraph 
Works,  of  Wiirtemberg,  Germany,  with  which  I  was  connected, 
adopted  practically  the  plan  of  placing  lightning  arresters  at 
regular  intervals  along  the  telephone  lines  in  cities.  Usually  the 
wires  were  carried  over  the  housetops,  the  insulators  being  placed 
on  iron  frame-work.  By  grounding  this  iron  frame,  any  light- 
ning discharge  from  the  wires  was  carried  at  the  next  frame  to 
ground.  The  '"'ground"  consisted  of  a  galvanized  iron  plate, 
laid  where  possible  in  existing  wells,  or  else  in  moist  ground, 
connection  being  made  with  the  frame-work  by  a  stranded  cop- 
per wire  cable  of  about  |-inch  diameter.  This  evidently  agrees 
with  Mr.  Wurts'  experience  with  marble  plate  arresters  such  ai; 
he  described,  inasmuch  as  the  porcelain  insulators  used  are  acting 
as  such,  a  surface  ^ving  the  lightning  discharge  an  easy  path 
from  line  wire  to  frame  and  ground,  yet  preventing  the  tele- 
phonic currents  from  following  the  same  course,  therefore  acting 
just  like  an  air-gap.  In  addition  to  these  peculiar  lightning  ar- 
resters, another  air-gap  arrester  was  placed  in  the  building  wliere 
the  wires  entered.  The  air-gap,  however,  was  iilled  up  with 
paper,  which  lightning  discharges  frequently  pierced.  However, 
comparatively  little  trouble  was  experienced,  from  which  I  draw 
the  conclusion  that  such  grounding  of  iron  insulator-frames 
is  as  efficient  on  telephone  lines  in  preventing  destruction  of  ap- 
paratus, as  air-gap  arresters  are  on  power  or  lighting  circuits. 
It  happened,  however,  that  with  this  air-gap  arrester  where  the 

t)aper  was  pierced,  connection  was  also  established  between  the 
ine  and  the  ground,  showing  that  at  the  point  of  rupture  the 
metal  melted,  forming  a  point  which  touched  the  ground  plate. 
The  same  trouble  was  experienced  in  the  railway  telegraph 
offices  where  the  lightning  arresters  consist  of  comparatively 
large  plates,  about  7  inches  by  5  inches,  which  were  separated 
by  an  air  space  of  about  gi^^-inch,  the  surfaces  of  the  plates  being 
V-shape  grooved,  the  grooves,  however,  running  at  right  angles, 
therefore  presenting  a  great  number  of  points,  similar  to  saw- 
tooth arresters.  Although  some  apparatus  used  in  connection 
with  railroad  tele^aphy,  such  as  bell  signals  on  crossings,  and  at 
stations,  have  individual  air-gap  arresters,  generally  consisting  of 
two  pointed  screws,  yet  better  protection  of  the  stations  and 
station  apparatus  could  be  obtained  by  placing  more  arresters  on 
the  line. 

Perhaps  it  would  l)e  a  good  plan  on  lines  where  many  wires 
are  carried  on  a  row   of  poles  to  make  these  poles  of  iron,  if 
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the  ground  is  fairly  moist,  thereby  establishing  a  ground  connec- 
tion for  lightning  discharges  at  every  insulator. 

Of  course  the  leakage  of  current  would  be  larger,  and  the  first 
cost  of  construction  would  also  be  greater,  byt  it  may  be  a  feasi- 
ble plan  and  cheaper  in  tlie  end. 

Allow  me  to  aad  to  these  remarks  a  few  words  on  the  con- 
struction of  an  arrester  made  by  Siemens  and  Halske,  Berlin,  for 
telephone  lines,  which  consisted  of  a  brass  screw,  being  con- 
nected to  ground,  and  in  the  threads  of  which  was  placed  a  silk- 
covered  wire,  which  formed  part  of  the  line.  A  lightning 
discharge  usually  pierced  the  siIk  insulation  while  the  telephone 
currents  could  not  follow  the  same  path. 

As  a  good  deal  of  damage  to  electrical  apparatus  of  all  kinds 
is  continuously  being  done  oy  electrical  storms,  it  shows  that  our 
present  methods  of  protecting  line*  and  apparatus  can  be  im- 
proved upon,  and  certainly  have  of  late  been  improved,  and  ex- 
periments such  as  were  carried  out  recently  by  Mr.  Wnrt*,  and 
so  ably  presented  in  his  paper  will  tend  to  further  improve  and 
perfect  our  lightning  arrester  systems. 

Upon  motion  of  Mr.  R.  H.  Pierce,  a  cordial  vote  of  thanks 
was  tendered  Mr.  Wurts  for  his  kindness  in  making  a  special 
trip  to  Chicago  in  order  to  present  his  interesting  lecture  with 
its  elaborate  experiments  before  the  meeting  oi  the  western 
members  of  the  Institutk. 

Upon  motion  of  Mr.  Caldwell,  the  thanks  of  those  present 
were  tendered  to  Professor  Stine  and  his  assistants,  to  whom 
those  present  were  under  great  obligations,  for  their  kindness  in 
placing  at  the  disposal  of  the  members  the  room  in  which  the 
meeting  was  held,  and  providing  all  the  necessary  apparatus  for 
carrying  out  the  experiments  shown  by  the  lecturer. 

After  a  number  of  announcements  had  been  made  by  the 
local  honorary  secretary,  relative  to  the  result  of  the  annual 
election  at  the  Philadelphia  meeting,  the  action  of  the  Institute 
in  assuming  the  expenses  of  the  (Siicago  meeting,  the  distribu- 
tion of  the  printed  papers,  and  application  blanks  for  new 
members,  the  meeting  adjourned. 

[Communicated  after  Adjournment  bt  Mk.  Carl  K. 
MacFadden.] 

The  paper  of  Mr.  A.  J.  Wurts  on  Discriminating  Lightning 
Arresters  has  been  of  unusual  interest  to  me,  especially  in  refer- 
ence to  the  action  of  inductive  resistance  in  producing  discharges 
at  certain  given  points  on  a  line. 

An  experience  of  mine  several  years  ago  for  which  I  have 
heard  several  explanations  from  various  experts  may  be  of 
interest. 

A  railroad  company  having  a  large  terminal  station  in  Chicago 
obtained  current  for  lighting  the  same  from  an  office  building 
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near  by,  which  contained  a  plant  consisting  of  two  Edison  dyna- 
mos connected  to  a  three-wire  system.  The  dynamo  bearings 
were  lubricated  by  means  of  a  running  stream  of  water  from  the 
city  water  system,  thus  grounding  the  dynamo  frames  perma- 
nently. The  office  building  was  so  located,  that  there  was  but 
about  80  feet  of  each  of  the  three- wire  feeders  exposed  to  the 
weather ;  those  being  between  the  office  building  and  the  metal 
train  shed  of  the  terminal  station,  and  placed  about  20  feet  above 
the  ground. 

The  ohmic  resistance  to  ground  of  the  wiring  under  the  train 
shed  was  not  20,000  ohms,  but  the  insulation  on  the  dynamo  con- 
ductor was  always  high  (over  10  megohms)  although  the  actual 
hody  of  insulation  was,  of  course,  quite  thin. 

To  facilitate  lamp  testing,  etc.,  the  three  main  wires,  as  they 
left  the  office  building,  and  these  three  connecting  wires  were 
connected  to  an  old  fashioned  three-point  telegraph  lightning 
aiTester,  using  a  number  of  thicknesses  of  heavy  paraffined  paper 
as  inflation  between  the  ground  plate  and  the  three  connection 

Elates  to  which  the  wires  were  attached.  The  lightning  arrester 
ad  been  put  up  simply  to  furnish  a  ready  means  of  testing  for 
grounds,  but  the  first  lightning  storm  punctured  the  paper  under 
two  of  the  three  plates.  Owing  to  the  fact  that  several  verv 
high  buildings  were  situated  in  the  immediate  neighborhood  it 
seemed  at  first  an  impossibility  for  lightning  to  have  punctured 
the  paper. 

Tne  resistance  to  ground  through  the  lamp  wiring  was  low, 
and  the  thickness  of  armature  insulation  was  so  small,  that  either 
path  seemed  preferable  to  that  through  the  lightning  arrester  to 
ground.  Nevertheless,  the  paper  in  the  arrester  was  punctured 
a  number  of  times  during  succeeding  lightning  storms,  and  the 
whole  affair  had  assumed  a  mysterious  aspect,  and  lightning  ar- 
resters were  considered  a  necessity  in  the  dynamo  room  from 
that  time  on,  and  to  this  day  they  have  never  had  a  discharge 
pass  through  them.  The  reason,  in  the  light  of  later  develop- 
ments, will  be  apparent. 

The  high  potential  disruptive  currents  on  the  low  pressure 
conductors,  were  without  doubt  due  to  the  inductive  effect  of 
neighboring  lightning  discharges  through  the  air. 

And  the  dynamos  were  protected  quite  thoroughly  by  the 
large  number  of  bends  and  crooks  in  the  wiring  between  the 
exposed  conductors  and  the  dynamo  (23  right  angle  turns  and  a 
spiral  of  several  turns  in  each  wire.) 

The  discharges  to  the  noorlv  insulated  wiring  were  also  pro- 
tected probably  by  several  rignt  angle  bends  in  the  wiring  as  it 
enterea  the  train  shed. 

The  discharges  obtained  at  the  improvised  lightning  arrester 
did  not  pass  through  any  of  the  bends  mentioned,  but  had  a 
direct  path  to  ground  through  the  paper  which  it  punctured. 
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UNIPOLAR  DYNAMOS  FOR  ELECTRIC   LIGHT  AND 

POWER. 

BY    PROF.    F.    B.    CROCKER   AND   C.    H.    PARMLT.    • 


Introduction. 

The  object  of  the  present  paper  is  to  call  attention  to  the  fact 
that  unipolar  dynamos  and  motors  are  much  more  practical  and 
generally  applicable  than  is  ordinarily  supposed  to  be  the  case. 
The  term  unipolar  dynamo  is  here  used  in  its  ordinary  sense  to 
designate  a  machine  in  which  electric  currents  are  generated  by 
the  eo?itinuou8  cutting  of  lines  of  force.  These  machines  are 
identical  in  principle  with  the  original  disk  machine  of  Faraday. 
The  term  unipolar  is  by  no  means  satisfactory,  but  is  almost  uni- 
versally used  in  connection  with  machines  in  which  the  magnet- 
ism in  the  armature  is  not  reversed  by  the  rotation  of  the  latter. 
In  this  broad  sense,  however,  it  is  also  used  to  include  machines 
of  the  Mordeyand  other  types,  in  which  the  lines  of  force  always 
pass  through  the  armature  in  the  same  direction ;  but  in  these 
machines  there  are  separate  pole-pieces  and  the  lines  of  force 
vary'  in  the  armature  just  the  same  as  in  the  ordinary  bipolar 
and  multipolar  types.  Moreover,  machines  of  this  kind  usually 
have  their  armatures  wound  with  many  turns  of  wire,  they  re- 
quire a  commutator  in  order  to  generate  direct  currents,  and  are 
radically  different  in  principle  from  the  continuous  cutting  ma- 
chines which  are  the  subject  of  this  paper.^     The  term  ''  non- 

1.  The  term  unipolar  is  also  applie<I  to  the  Ball  dynamo,  but  this  also  acts 
like  an  ordinary  bipolar  machine,  except  that  the  magnetic  circuit  is  completed 
through  the  air  and  it  is  no  sense  a  "  continuous  cutting  "  machine. 

4()6 
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polar  "  suggested  by  Forbes  is  preferable  to  unipolar,  but  it  is 
rather  meaningless  and  is  liable  to  be  understood  to  mean  any 
kind  of  iron-clad  machine.  Unipolar  dynamos  are  also  called 
disk  or  tube  machines  since  the  armature  is  usually  made  in  one 
or  the  other  of  these  forms.  Neither  of 'these  terms,  however^ 
covers  the  other,  and  they  are  liable  to  be  confused  with  other 
types  of  machine  similar  in  form  but  diflferent  in  principle.  The 
writers  of  this  paper  suggest  continuov^  pole  dynamo  as  a  good 
name  for  this  type  of  generator. 

HisTOBicAL  Notes. 

The  first  machine  of  tlje  unipolar  type  was  Barlow's  Wheel 
described  by  him  in  1823,  and  consisting  of  a  star-shaped  disk 
with  long  points  revolving  between  the  poles  of  a  magnet.  A 
current  was  passed  through  the  particular  portions  of  the  disk 
between  the  poles  of  the  magnet,  and  the  disk  was  thereby  caused 
to  rotate.  This  apparatus  was,  therefore,  the  first  unipolar  motor. 
Faraday's  disk  machine,  constructed  and  described  by  him  in 
1831,  was  the  prototype  of  the  dynamo  and  was  also  a  unipolar 
machine.^  He  also  made  an  apparatus  working  upon  the  same 
principle  but  consisting  of  a  copper  cylinder  suspended  over,  and 
revolving  around  the  pole  of  a  bar  magnet.  This  was  the  first 
form  of  tul)e  dynamo.*  Faraday  even  at  that  early  time  appre- 
ciated the  diflSculty  of  obtaining  a  suflSciently  high  e.  m.  f.  from 
generators  of  this  type,  and  attempted  to  attain  it  by  having 
several  disks  placed  side  by  side  and  revolving  in  opposite  direc- 
tions. Similar  ideas  have  been  re-invented  time  after  time,  and 
even  at  present  it  is  a  favorite  field  for  invention  For  many 
years  after  Faraday's  discoveries  the  unipolar  machine  was  almost 
neglected,  progress  being  in  the  direction  of  machines  having 
many  turns  of  wire  in  the  armature  to  obtain  a  high  e.  m.  f.  In 
1878  Siemens  constructed  a  unipolar  machine  with  a  tube  arma- 
ture of  considerable  size  for  actual  commercial  use  in  electro- 
metallurgy. Delafield  showed  at  the  Philadelphia  Electrical  Ex- 
hibition of  1884,  a  unipolar  dynamo  of  the  tube  type  which 
generated  a  current  of  few  volts  and  a  large  n\imber  of  amperes.. 
Forbes  has  also  constructed  and  described  unipolar  machines,  in 
which  the  armature  is  in  the  form  of  a  cylinder  of  iron  revolv- 
ing within  a  field  magnet  which  completely  surrounds  it.     The 

2.  Bxperimental  Resmrchen^  vol.  i.,  art.  85. 
8.  Loe,  6Y«.,Hrt.  2.9. 
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mechanical  and  magnetic  design  of  this  machine  is  very  ingen- 
ious, and  from  the  practical  standpoint  It  was  a  considerable  im- 
provement upon  anything  which  preceded  it.  The  highest 
E.  M.  F.  obtained  from  these  machines,  appears  to  have  been 
«bout  6  volts,  and  nothing  further  has  been  heard  concerning 
them  for  several  years.  The  complete  neglect  into  which  this 
type  of  dynamo  has  now  fallen,  is  best  proved  by  the  fact  that  no 
example  of  them  was  shown  at  the  Chicago  Exposition.  In  fact 
it  might  be  said  that  their  present  importance  is  actually  nega- 
tive^ since  the  only  attention  which  ha^  been  given  to  them  lately 
-consists  of  a  few  articles  on  "  Unipolar  dynamos  which  do  not 
work."  that  have  appeared  in  the  eleclrical  journals  during  the 
past  few  months. 

General  Principles. 

The  action  of  unipolar  dynamos,  is  based  upon  the  fact  that  a 
^•onductor  moving  in  a  magnetic  field  so  as  to  cut  lines  of  force 
will  have  an  e.  m.  f.  set  up  in  it  whether  the  field  be  uniform  in 
intensity  or  variable.  The  error  is  very  commonly  made  of  sup- 
posing a  variation  in  the  number  or  density  of  the  lines  of  force 
IS  necessary  in  order  to  produce  a  current  by  magneto-electric 
Induction.  Asamatter  of  fact,  however,  an  e.  m.  f.  must  always 
l)e  produced  if  any  lines  of  force  whatever  are  cut..  It  may 
liappen,  and  in  the  case  of  a  coil  of  wire  it  usually  does  happen, 
that  lines  of  force  are  cut  in  one  direction  by  one  portion  of  the 
conductor,  and  in  the  opposite  direction  by  the  other  portion,  in 
which  case  one  effect  neutralizes  the  other.  The  simplest  ex- 
ample of  this  is  a  closed  metallic  ring  moving  perpendicularly  to 
the  lines  of  force  in  a  uniform  field.  In  this  case  one-half  of 
the  ring  generates  an  e  m.  f.  in  one  direction  and  the  other  half 
in  the  opposite  direction,  eo  that  no  current  is  produced;  but  the 
full  difference  of  potential  corresponding  to  the  number  of  lines 
out  per  second,  will  nevertheless  exist  between  the  two  sides  of 
the  ring. 

In  the  unipolar  dynamo  or  motor,  a  variation  in  the  lines  of 
force  is  not  only  unnecessary  but  is  positively  objectionable, 
since  it  would  cause  serious  losses  from  eddy  currents  and  hyster- 
esis, whereas  if  the  field  is  perfectly  uniform  these  losses  are 
practically  avoided. 

Any  break  or  weakening  of  the  intensity  of  the  field  due  to 
-**  blow-holes"  in  the  casting,  for  example,  would  allow  the  arma- 
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ture  current  to  flow  back  at  that  point,  and  would  act  as  a  sort 
of  short-circuit  on  the  rest  of  the  armature.    For  example,  in  Fig. 
1,  let  A  A  represent  a  disk  armature  revolving  upon  a  shaft  s. 
The  field  is  of  uniform  intensity  and  an  equal  e.  m.   f.  is  gene- 
rated at  each  radius,  as  indicated  by  the  arrows,  except  that  the 
portion  b  of  the  armature  is  in  a  weaker  field.     In  this  case  the 
current  will  flow  back  through  the  portion  b,  as  indicated  by 
the  arrow,  and  the  armature  will  be  like  a  short-circuited  one  of 
the  ordinary  kind.     This  back  current  will  flow  and  produce 
heating  and  loss  of  energy,  even  though  the  extenial  circuit  be 
open. 


Fig.  1. 


It  is  also  a  common  error  in  regard  to  unipolar  machines,  to 
suppose  that  the  armature  cannot  be  made  of  iron.  As  a  matter 
of  fact,  iron  or  steel  is  usually  better  than  copper  because  it  is  a 
much  better  conductor  of  magnetism,  and  the  reluctance  of  the 
magnetic  circuit  can  be  reduced  far  below  what  is  possible  with 
a  copper  armature,  the  only  air-gaps  being  the  small  mechanical 
clearances  required  for  free  rotation.  A  steel  or  wrought-iron 
armature  is  much  stronger  than  one  of  copper,  not  only  on 
account  of  its  greater  strength  for  the  same  thickness,  but  also 
because  it  can  be  made  much  thicker  without  causing  any  appre- 
ciable increase  in  the  reluctance  of  the  magnetic  circuit,  whereas 
a  copper  armature  would  have  to  be  made  very  thin.  The 
greater  specific  resistance  of  iron  is  not  objectionable,  since  an 
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armature  composed  of  it,  would  have  a  current  capacity  far 
greater  than  is  required,  and  the  thickness  can  l)e  increased  to 
make  up  for  the  higher  specific  resistance. 

Methods  of  Multiplying  the  e.  m.  f. 

The  plan  suggested  by  Faraday,  was  to  have  two  or  more 
disks  side  by  side  revolving  in  opposite  directions,  the  edges 
being  connected  together  by  mercury  or  other  contacts  so  that 
the  current  flows  outward  from  the  center  to  the  periphery  in 
one  disk,  inward  in  the  next  disk,  and  so  on  in  series.  In  this 
way  it  is  possible  to  multiply  the  voltage  as  many  times  as  there 
are  disks,  but  there  are  obvious  mechanical  difficulties  in  rotating 
these  disks  in  opposite  directions,  and  the  numerous  electrical 
contacts  would  be  decidedly  objectionable.  Hundreds  of  modifi- 
cations of  this  idea  have  been  suggested ;  for  example,  Siemens 
in  the  tube  machine  already  referred  to,  multiplied  the  e.  m.  f.  by 
splitting  the  tube  longitudinally  and  pla-cing  rings  on  the  end  of 
the  tube,  so  that  the  current  was  carried  first  through  one  section 
of  the  tube,  then  through  another,  and  so  on.  In  this  way  the 
circuit  may  be  threaded  through  the  magnetic  field  a  number  of 
times,  each  time  a  certain  e.  m.  f.  being  added.  Another  plan  to 
accomplish  the  same  result  would  be  to  have  a  number  of  thin 
tubes  placed  concentrically  one  within  the  other,  but  separated 
by  a  layer  of  insulating  material,  and  connected  so  that  the  cur- 
rent passes  first  through  one  tube,  is  then  carried  around  outside 
of  the  machine  and  is  passed  through  another  tube,  and  so  on 
through  all  of  them  in  series. 

There  is  no  theoretical  limit  to  increasing  the  voltage  by  some 
such  method,  but  practically  any  of  these  constructions  would 
have  very  serious,  if  not  fatal,  mechanical  and  electrical  diflScul- 
ties.  It  would  seem  to  be  far  preferable  to  construct  the  ma- 
chine of  sufficient  size  and  run  it  at  suflicient  velocity  to  get  the 
required  voltage  without  complicating  the  construction.  There 
is  no  objection,  however,  to  connecting  two  unipolar  machines  in 
series,  both  being  driven,  for  example,  by  one  engine,  which  may 
be  belted  or  direct  coupled,  and  there  is  no  serious  complication 
involved  in  operating  four  or  even  more  machines  in  series.  The 
first  cost  and  attendance  required  would  probably  be  much  less 
with  four  unipolar  machines  than  with  one  direct  current  machine 
of  the  ordinary  type  and  of  equivalent  capacity. 

One  very  convenient  way  to  multiply  the  voltage  of  a  dynamo 
would  be  to  charge  a  number  of  storage  batteries  by  means  of  a 
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low  voltage  machine  of,  say,  10  or  20  volts.  When  charged, 
these  batteries  could  be  connected  in  series  to  give  any  desired 
E.  M.  F.,  115  or  230  volts  for  example,  and  the  actual  working 
current  would  be  supplied  by  them.  The  charging  could  be 
done  at  hours  when  the  current  was  not  required,  or  two  batteries 
could  be  used  alternately  to  give  an  uninterrupted  supply  of  cur- 
rent. In  this  way  two  advantages  could  be  realized  ;  first,  the 
cheapness  and  simplicity  of  the  unipolar  dynamo,  and,  second, 
the  uniformity  of  load  with  which  the  engine  and  dynamo  could 
be  run. 

Practical  Design. 

It  is  not  diflScult  to  get  up  complicated  puzzles  in  connection 
with  peculiar  forms  of  unipolar  machines,  but  in  the  simple  and 
probably  the  only  practical  forms,  we  have  a  single  straight  con- 
ductor which  cuts  all  the  lines  of  the  magnetic  field  once  per 
revolution.  In  the  case  of  the  disk  machine  we  can  consider  any 
radius  of  the  disk  as  constituting  the  conductor,  and  in  the  case 
of  the  tube  machine  it  is  any  element  of  the  cylinder. 

The  theory  of  the  magnetic  circuit  is  now  well  understood, 
and  modern  practice  in  the  design  of  dynamos  and  motors  fully 
appreciates  the  advantages  which  result  from  making  the  ratio 
between  the  length  of  the  magnetic  circuit  and  its  cross-section 
a  minimum.  In  a  unipolar  dynamo,  this  reduction  of  the  reluc- 
tance of  the  circuit  can  be  carried  farther  than  in  any  other  class 
of  machines,  because  the  creation  of  an  electromotive  force  by 
the  continuous  cutting  of  the  lines  of  force,  enables  a  form  of 
magnetic  circuit  to  be  employed,  which  in  the  highest  degree 
combines  the  advantages  of  minimum  length  with  maximum 
cross-section.  This  type  of  magnetic  circuit  is  the  circular  ring ; 
for  if  we  surround  a  circular  coil  n  d  of  wire  carrying  a  current, 
with  two  circular  rings  of  semi-circular  cross-section,  as  shown 
in  Fig.  2,  we  shall  form  a  closed  magnetic  circuit  of  maximum 
induction  for  minimum  excitation.  Cut  this  circuit  along  any 
radius  of  the  circular  cross-section,  and  a  magnetic  field  is  ob- 
tained in  which,  if  an  inductor  be  rotated  about  a  x  as  an  axis,, 
there'  will  result  a  continuous  cutting  of  the  lines  of  force,  which 
only  requires  that  appropriate  collectors  be  provided  to  form  a 
closed  electrical  circuit,  in  order  to  procure  a  current  of  electric- 
ity. The  magnetic  circuit  is  indicated  by  dotted  circles  with 
arrowheads. 
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There  are,  however,  but  two  directions  in  which  the  magnetic 
circuit  can  be  cut,  so  as  to  form  a  field  suitable  for  practical  use. 
One  18  along  the  radius  c  d,  in  which  case  the  inductor  will 
rotate  in  a  plane  perpendicular  to  the  axis,  and  the  other  is  along 
the  radius  e  d,  in  which  case  the  inductor  will  move  in  the  con- 
vex surface  of  a  cylinder  whose  axis  is  the  axis  of  rotation.  In 
the  first  case  the  armature  of  the  resulting  dynamo  will  be  a 
disk,  and  in  tlie  second  case  a  cylinder.  In  both,  the  way  to 
collect  the  current  would  be  to  provide  one  set  of  collectors  at 
the  edge  of  the  armature,  and  the  other  set  at  the  axis,  thus 
utilizing  the  shaft  as  a  portion  of  the  electrical  circuit.     The  rel- 


FiG.  2. 


ative   advantages  and  disadvantages  of  the  disk  and  cylinder 
forms,  depend  upon  circumstances  in  each  particular  instance. 

In  many  cases  the  single  magnetic  circuit,  shown  in  Fig.  2,  is  not 
tlie  best  for  practical  use,  because  it  would  be  necessary  to  make 
the  diameter  of  the  ring  larger  than  it  would  be  if  two  rings 
were  placed  side  by  side,  as  shown  in  Fig.  3  and  Fig.  7,  since 
in  this  type  of  dynamo  we  must  depend  wholly  upon  the  total 
magnetic  induction  and  the  speed  of  rotation,  to  produce  the  elec- 
tromotive force,  as  it  does  not  appear  to  be  practicable  to  greatly 
augment  the  voltage  by  multiplying  the  number  of  inductors. 
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Another  consideration  of  importance  is  the  volume  of  the 
ring.  It  is  evident  that  any  required  area  of  pole  surface  can 
be  provided,  by  keeping  the  mean  diameter  of  the  ring  constant, 
and  varying  the  radius  of  the  circular  cross-section  between  cer- 
tain limits,  or  by  keeping  this  radius  constant  and  varying  the- 
mean  diameter  of  the  whole  ring.  It  is  also  evident  that  for 
any  particular  required  area  of  pole  surface,  any  decrease  in  the 
mean  diameter  of  the  ring  requires  a  corresponding  increase  in 
the  radius  of  the  circular  cross-section  and  vice  vena.  In  Fig.  4 
let  the  circle  whose  radius  is  r  and  the  distance  of  whose  center 
from  the  axis  of  x  is  J,  revolve  about  that  axis  generating  a  vol- 
ume of  revolution.  This  volume  forms  the  field  magnet,  and 
contains  nearly  all  the  weight  and  a  large  part  of  the  cost  of  the 


Fig.  3. 

machine.  This  volume,  which  is  an  annulus,  may  be  determined 
by  the  centrobaric  method,  according  to  which  a  volume  of  rev- 
olution is  equal  to  the  generating  area  multiplied  by  the  circum- 
ference described  by  its  center  of  gravity.     Hence  the  volume 

Y^^T^r'l.  (1) 

The  factors  r  and  b  must  have  certain  values  in  order  to  pro- 
duce the  required  e.  m.  f.,  the  latter  being  usually  the  definite 
object  for  which  a  dynamo  is  designed.  The  values  of  r  and  h 
are  found  as  follows  : 

Let  E  =  the  required  electromotive  force  expressed  in  volts. 

Let  n  =  the  number  of  revolutions  per  minate. 

Let  B  =  the  number  of  magnetic  lines  per  square  inch. 

Let  A  =  the  number  of  square  inches  of  pole  surface. 
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Let  r  =  the  radius  of  the  circular  cross-section  of  the  ring 
expressed  in  inches. 

Then  because  the  two  rings  are  wound  so  that  the  electromo 
tive  force  due  to  the  field  of  one  is  added  to  that  doe  to  the 
other,  each  ring  must  be  designed  to  provide  enough  lines  to 

£  E 

generate  only  -^  volts.     This  requires  that  -5-  X  10"  lines  must 

E  n 

be  cut  per  second,  or  -g    X  10*  -r-  g^  per  revolution.    Hence  the 

number  of  square  inches  of  pole  service  needed  is 

As  shown  in  Fig.  3  the  core  of  the  ring  will  be  utilized  for  the 
exciting  coil,  and  for  simplicity  of  construction  we  shall  make  its 


0 
Fig.  4. 


cross-section  square.  It  is  desirable  to  keep  the  size  of  this 
square  as  small  as  possible,  because  any  increase  in  the  length  of 
a  side  increases  the  diameter  of  the  circular  cross-section  an  equal 
amount,  and,  therefore,  enormously  increases  the  volume.  But 
this  square  cannot  in  practice  be  made  indefinitely  small,  because 
too  great  a  concentration  of  the  lines  immediately  surrounding 
the  coil  must  be  avoided,  and  space  enough  provided  to  give 
ample  excitation.  One-half  of  the  radius  appears  to  be  a  length 
suitable  for  the  side  of  this  square.  Referring  to  Fig.  5  we 
shall  then  have  an  area  of  pole  surface. 

^  =  2  ;r  J  i  r.  (3) 

But  we  have  seen  in  equation  (2)  that  we  need  an  area  equal  to 
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il — ,  hence  equating  this  with  the  above  value  of  A  we 

have 

n  B 
The  ratio  between  b  and  r  which  seems  to  best  fulfil  the  con- 
ditions of  good  design  is  5  =  2.5  r.     Making  this  substitution 
above  and  designing  so  that  2  h  equals  the  outer  diameter  D  of 
the  armature,  we  have 

D  =  i(f  V-^^,  (4) 

which  shows  that  the  dimensions  of  the  machine  are  directly, 
proportional  to  the  square  root  of  the  required  electromotive 
force,  and  inversely  proportional  to  the  square  roots  of  the  speed 
and  of  the  magnetic  induction.  It  is  to  be  further  observed 
that  since  for  machines  varying  widely  in  their  outputs  jR  is 

nearly  constant,  the  most  important  ratio  in  equation  (4)  is  — 

In  the  design  of  a  machine  for  any  special  voltage,  however,  £ 
is  fixed,  and,  therefore,  the  only  arbitrary  quantity  is  n  ;  so  that 
the  whole  problem  is  to  determine  the  values  of  D  and  n  which 
give  the  best  design. 

Let  V  =  the  peripheral  speed  in  feet  per  second,  then  we  have 

Tt  n  D 


whence 


"  =  ^2ir' 


n           720  V  ,.. 

JJ  n  = (.5) 


Substituting  in  this  equation  the  value  of  D  given  by  equation 
(4)  we  have 

n  =  0.00000825  ?— ^  (6) 

and 

from  which  the  values  of  D  and  n  can  be  immediately  deter- 
mined for  any  prescribed  values  of  S,  J?,  and  v. 

The  maximum  velocity  in  feet  per  second,  which  the  rim  of  a 
fly-wheel  may  with  safety  attain,  is  given  by  the  equation* 

V  =  S   i/J 


1.  Thurston.     Mdnu^il  of  the  Steam  Engine ^  Part  ii.,  Art.  3,  p.  432. 
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where  t  is  the  safe  stress  of  the  metal  in  pounds  per  square  inch. 
If  the  inductor  be  of  wrought  iron  or  steel  for  which  t  =  10,000, 
we  shall  have  v  =  HOO ;  and  if  of  cast  iron  for  which  t  =  5000, 
we  slmll  have  z?  =  210  nearly.  The  much  higher  permeability 
of  cast  steel  over  cast  iron,  and  its  comparatively  small  additional 
cost  make  it  the  metal  most  economical  to  use,  and  we  shall, 
therefore,  assume  that  the  inductor  is  either  of  wrought  iron  or 
of  east  or  forged  steel.  Hence  making  v  =  300  in  equation  (5), 
we  find  that  the  maximum  value  which  the  product  D  n  can 
attain  is  />  ti  =  68,750.  This  then  is  a  condition  which  must  not 
l)e  exceeded  in  order  that  the  design  shall  be  mechanically  8afe. 
Making  «  =  800  in  equations  (6)  and  (7)  we  have 

n  =  .7425  I  (S> 


Fio.  o. 


and 


J)  = 


WE 

108  B ' 


(»> 


If  the  armature  were  made  of  forged  steel  it  would  be  allowable 
to  assume  t  to  be  as  high  as  20,000  since  the  armature  is  entirely 
enclosed  and  could  do  no  harm  even  if  it  burst.  In  this  CAse 
V  =  423. 

We  have  now  obtained  data  for  finding  the  number  of  ampere 
turns  required  to  produce  the  necessary  excitation.  As  a  first 
approximation,  and  to  enable  us  to  determine  the  general  condi- 
tions, the  cross-section  of  the  ring  was  assumed  circular.  In 
practice,  however,  this  form  of  section  must  be  modified,  for  a 
reference  to  Fig.  2  shows  that  in  order  to  give  the  same  area  of 
cross-section  perpendicular  to  the  direction  of  the  lines  of  force 
at  D  c  and  d  f  as  at  d  e  we  must  cause  the  circular  cross-section 
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to  bulge  out  on  the  side  toward  the  axis  and  contract  on  the  side 
away  from  the  axis. 

On  account  of  the  diminution  of  cross-section  due  to  the  air- 
gap  and  to  the  holes  for  the  brushes,  it  is  found  necessary,  how- 
ever, to  preserve  fgr  the  outer  portion  of  the  ring  a  semi-circular 
cross-section,  and  it  ultimately  assumes  the  form  shown  in 
Fig.  6. 

The  mean  length  of  the  magnetic  circuit  is,  therefore,  the 
length  of  the  semi-circle  ah  c  plus  the  length  of  the  curve  adc. 
Assuming  the  total  air-gap  to  be  .06  \^D  we  have  the  data  for 
determining  the  ampere-turns  required. 

The  amount  of  current  which  the  dynamo  can  generate  is  de- 
termined by  the  carrying  capacity  of  the  armature  and  brushes. 


Fig.  6. 


Since  .2  |/  Z>  may  be  assumed  to  be  the  thickness  of  the  induc- 
tor, we  have  for  the  current-carrying  cross-section  of  the  arma- 
ture 

.2;:  2)1 
square  inches.     Since  iron  or  steel  would  carry  at  least  200  am- 
peres per  square  inch  the  current  capacity  of  the  armature  is 

G  =  125.7  i>*  (1^) 

which  at  jF  volts  gives  the  capacity  of  the  machine  in  watts 

F=  126.7  i?Z>*  (11) 

To  show  the  application  of  these  formulae  to  two  widely  dif- 
ferent classes  of  machines,  let  it  be  required  : 
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First  To  design  a  belt  connected  djnamo  to  generate  10  volts 
at  1,200  revolutions  per  minute  for  electro-metallurgical  pur- 
poses. Making  field  magnets  and  armature  all  of  cast  steel,  and 
taking  the  induction  B  at  90,000  lines  per  square  inch  we  have 
from  equation  (4)  D  =  24.28  =  diameter  armature  in  inches. 

Second.  To  design  a  direct  connected  dynamo  to  generate  130 
volts  at  200  revolutions  per  minute  for  light  and  power  purposes. 
As  before  we  have 

D  =  214.4. 

These  figures  show  the  immense  possibilities  of  the  unipolar 
dynamo,  possibilities  so  immense  indeed  that  the  practical  diffi- 


Fig.  7. 


culty  is  not  in  the  design  of  the  dynamo,  but  in  the  design  of 
the  steam  engine.  Two  machines  like  the  last,  coupled  at  the 
ends  of  the  shaft  of  a  100,000  h.  p.  engine  would  supply  more 
current  than  is  at  present  consumed  in  any  two  cities  in  the 
world.  Nor  is  the  excessive  current  a  disadvantage,  for  while 
we  would  point  out  the  tremendous  capacity  of  one  of  these  dy- 
namos, there  is  no  necessity  for  running  them  at  their  maximum 
output.  Even  if  we  diminished  the  current  to  one-hundredth 
its  ultimate  value,  and  only  use  a  1.000  h.  p.  engine  to  drive  the 
dynamo,  the  loss  due  to  the  resistance  of  the  armature  will  still 
be  only  four  or  five  per  cent. 
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A  more  economical  way  of  supplying  current  for  light  and 
power,  however,  would  be  to  design  unipolar  dynamos  of  less 
current  capacity  and  less  voltage,  and  then  join  in  series  on  the 
same  shaft  as  many  as  are  needed  to  produce  the  required  elec- 
tromotive force.  For  example,  we  may  generate  130  volts  by 
joining  in  series  on  the  same  belt-driven  shaft  two  dynamos  each 
giving  65  volts  at  800  revolutions  per  minute. 

The  dimensions  will  be  as  follows : 

2>  =  75.81. 

Running  this  combination  at  one-tenth  of  its  ultimate  capacity 
by  means  of  a  1,250  h.  p.  engine,  we  should  still  have  a  very 
high  efficiency. 

Methods  of  Taking  Of  the  Curr^mL — The  best  means  of 
making  electrical  connection  with  the  revolving  armature  is  a 
very  important  but  somewhat  difficult  matter.  A  great  many 
devices  have  been  tried  or  suggested.  The  principal  of  these  are 
brushes  of  copper  gauze  or  carbon,  and  mercury  contacts  applied 
to  the  edges  of  the  disk  or  tube.  Belts  or  straps  made  of  flex- 
ible sheet  copper  or  copper  wire  cable  have  also  been  used.  One 
application  of  this  latter  device  consists  in  connecting  together 
two  armatures  by  such  a  belt  whereby  the  e.  m.  f.  of  the  two 
machines  are  added  together,  and,  if  necessary,  the  mechanical 
power  for  driving  one  or  both  machines  can  be  transmitted  by 
this  same  belt.  There  would  not  seem  to  be  any  great  difficulty 
in  applying  brushes  to  a  unipolar  dynamo ;  in  fact  for  a  given 
current  it  would  seem  to  be  a  much  easier  problem  than  with  a 
direct  current  machine  having  a  commutator,  since  the  former 
has  a  continuous  and  smooth  hearing  surface  for  the  brushes  in- 
stead of  the  somewhat  uneven  surface  of  copper  and  mica  which 
exists  on  a  commutator.  It  is  a  fact  that  the  speed  may  be  very 
high,  but  with  the  perfectly  smooth  surface  and  by  the  use  of 
brushes  with  light  pressure,  and  composed  wholly  or  partly  of 
graphite  or  some  friction  metal  which  might  even  be  lubricated, 
it  would  appear  to  be  possible  to  take  oflE  a  current  sufficient  for 
almost  any  electric  light  or  power  use.  If  the  very  high  speed 
makes  the  friction  too  great  to  permit  of  the  use  of  brushes,  the 
edge  of  the  tube  or  disk  may  be  arranged  to  run  in  a  mercury 
trough,  thereby  making  a  good  electrical  contact  with  very  little 
friction.  In  this  case,  however,  provision  should  be  made  to 
prevent  the  mercury,  from  being  thrown  oflE  by  centrifugal  force. 
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as  by  the  use  of  a  gnard  rin^  extending  all  around  the  edge  of 
the  tnbe  or  disk.  Another  device  would  consist  of  ball  bearings 
applied  to  the  shaft  or  to  the  periphery  of  the  disk  or  cylinder. 
These  might  perform  their  ordinary  mechanical  function  and  also 
serve  to  take  oflE  the  current. 

MetJiod  of  Driving. — There  are  various  mechanical  arrange- 
ments available  for  connecting  a  unipolar  dynamo  to  the  source 
of  power.  The  simplest  would  be  to  connect  the  dynamo  to  the 
engine  by  means  of  ordinary  leather  belting,  either  with  or  with- 
out the  use  of  a  countershaft.  In  this  way  a  high  speed  can 
easily  be  obtained  if  desired,  and  is  perfectly  permissible  since 
the  solid  disk  or  tube  of  steel  which  constitutes  the  armature  is 
capable  of  a  much  higher  speed  of  rotation  than  the  ordinary 
built  up  form  of  armature  now  used.  It  would  probably  be  safe 
to  have  a  solid  steel  armature  run  at  two  to  four  times  the  speed 
of  the  ordinary  armature  having  the  same  diameter. 

If  the  dynamo  be  directly  coupled  to  the  engine,  the  speed  of 
the  latter  and  the  diameter  of  the  armature  may  be  most  econom- 
ically proportioned  to  give  any  desired  voltage  by  the  application 
of  the  previous  equations. 

An  arrangement  which  seems  to  possess  great  advantages 
would  consist  of  a  steam  turbine  running  at  10,000  or  20,000  rev- 
olutions per  minute,  which  is  the  ordinary  speed  of  such  ma- 
chines, directly  coupled  to  a  unipolar  dynamo.  These  two 
machines  seem  to  be  admirably  suited  to  each  other,  the  very 
high  speed  of  the  turbine  compensating  for  the  fact  that  there  i& 
but  one  inductor.  This  combination  entirely  avoids  the  necessity 
for  reducing  the  speed  of  the  engine  by  gearing  which  is  done  in 
the  case  of  the  Laval  turbine,  or  the  risk  which  is  involved  in 
running  a  wire-wound  armature  and  sectional  commutator  at  a 
speed  of  10,000  or  more  revolutions  per  minute,  which  is  the 
plan  adopted  with  the  Parsons  turbine. 

Advantages  of  Unipolar  Dynamos  and  Motors. — The  great- 
est advantage  of  the  unipolar  machine  is  its  extreme  simplicity. 
Its  armature  consists  of  nothing  but  a  solid  cylinder  or  disk  of 
steel,  or  other  suitable  metal  iirmly  mounted  upon  a  shaft.  We 
have  only  to  compare  this  construction  with  that  of  the  ordinary 
armature  consisting  of  hundreds  of  pieces  of  sheet  iron  bolted 
or  otherwise  held  together  to  form  the  armature  core,  and  wound 
with  a  great  many  turns  of  wire  or  bars  of  copper  which  have  to 
be  thoroughly  insulated  from  each  other,  and  which  are  not  very 
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securely  held  in  place.  In  addition  to  this  we  have  the  commu- 
tator, consisting  of  fifty  or  more  sections  of  copper  separated  by 
strips  of  mica  and  held  together  by  nuts,  etc.  The  electrical 
-connections  between  the  armature  and  commutator  also  add  to 
the  complication.  In  short,  it  would  be  difficult  to  find  any  two 
pieces  of  machinery  in  which  the  contrast  between  simplicity  and 
•complication  is  greater.  The  construction  of  the  field  magnet 
and  the  rest  of  the  machine  is  also  very  simple.  The  elimina- 
tion of  the  commutator,  although  already  mentioned  in  connection 
with  simplicity,  is  nevertheless  an  essential  feature  of  this  type  of 
machine,  and  is  a  great  advantage.  The  almost  infinitesimal 
armature  resistance  of  these  machines  is  decidedly  advantageous, 
not  only  in  increasing  efficiency  and  decreasing  heating,  but  also 
because  it  causes  the  machine  to  regulate  more  closely  either  as  a 
dynamo  or  as  a  motor.  According  to  all  accepted  theories  there 
would  be  no  hysteresis  in  these  machines,  because  both  the  arma- 
ture and  field  are  always  magnetized  in  exactly  the  same  direction 
and  to  exactly  the  same  intensity.^  For  similar  reasons  there 
would  be  no  foucault  currents,  since  the  e.  m.  f.  generated  in  any 
element  of  the  armature  would  be  exactly  equal  to  that  generated 
in  any  other  element,  and  there  could  be  no  tendency  to  produce 
eddying  currents.  This  perfect  uniformity  of  the  magnetic  field 
is  secured  by  the  construction  which  should  be  exactly  symmetri- 
cal, the  air-gap  being  precisely  the  same  at  all  points. 

The  question  of  armature  reaction  is  somewhat  doubtful  since 
some  authorities  state  that  it  is  quite  considerable,  but  in  the 
opinion  of  the  authors  it  is  very  small  and  certainly  no  greater 
than  in  other  types  of  machine.  The  armature  consists  of  only 
a  single  tarn,  consequently  the  maximum  magnetizing  effect  of 
the  armature  in  ampere-turns  is  numerically  equal  to  its  current 
capacity,  and  since  the  ampere-turns  on  the  field  would  be  made 
considerably  greater  than  this,  the  armature  reaction  cant)ot  be 
great.  It  is  interesting  to  consider  how  armature  reaction  can 
occur  in  such  a  machine.  The  probability  is  that  it  has  the  effect 
of  curving  and  slightly  lengthening  the  lines  of  force  so  that 
they  do  not  pass  perpendicularly  from  one  pole  surface  to  the 
other  in  the  air-gap,  and  have  a  spiral  path  in  the  iron  since  the 
field  current  tends  to  produce  lines  of  force  in  planes  pasf^ing 
through  the  axis,  and  the  armature  current  acts  at  right  angles, 

1.  There  might  be  some  molecular  friction  due  to  cutting  the  lines  of  force, 
but  this  would  probably  be  slight. 
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producing  an  inclined  resultant.  There  can,  of  course,  be  no 
change  of  distribution  of  magnetism  as  a  result  of  armature  re- 
action, which  is  the  really  objectionable  eflEect  that  it  produces  in 
the  present  types  of  machines,  and  in  the  unipolar  machines 
there  are  no  back  ampere-turns,  and  no  magnetic  leakage. 

In  conclusion  we  may  say  that  unipolar  machines  are  practi- 
cally indestructible,  since  they  are  so  simple  and  so  strong  that 
they  are  not  likely  to  be' damaged  mechanically,  and  it  is  almost 
impossible  to  conceive  of  one  being  burnt  out  or  otherwise  in- 
jured electrically,  since  the  engine  would  be  stalled  by  the  enor- 
mous current  before  the  armature  could  be  fused  by  it.  A 
machine  possessing  all  these  important  advantages  certainly  de- 
serves a  prominent  place  in  electrical  engineering,  whereas  it 
now  has  practically  no  existence  whatever.  • 
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Discussion. 

Mb.  Cakl  Hering  : — Prof.  Crocker  has  worked  out  the  shape  of 
the  Held  theoretically,  but  in  practice  I  think  it  could  be  changed 
to  advantage  by  making  the  pplar  surfaces  at  air-gap  a  little  larger 
than  he  suggested,  because  by  far  the  largest  part  of  the  reluctance 
of  the  magnetic  field  lies  in  the  air-gap,  even  if  an  iron  armature 
is  used. 

Prof.  Crocker  speaks  of  the  reaction  of  the  armature  as  not 
interfering  appreciably  with  the  field ;  in  this  I  think  he  is  no 
doubt  correct,  as  the  reaction  of  the  armature  will  simply  shift 
the  lines  offeree  and  perhaps  make  the  magnetic  circuits  longer, 
but  it  will  not  make  the  field  ununiform.  But  it  is  different  with 
the  currents  from  the  brushes  to  the  outside  of  the  machine ; 
unless  these  currents  are  led  out  perfectly  evenly  through  a  disk^ 
they  will  produce  an  irregularity  in  the  field  which  will  cause 
foucault  currents  in  the  armature,  as  Prof.  Crocker  stated  in  the 
beginning  of  his  paper.  I  think  one  of  the  difliculties  in  the 
working  of  such  machines  lies  in  this  irregular  shifting  of  the 
fields  due  to  the  currents  In  the  leading-out  lines.  About  ten 
years  ago  I  suggested  that  this  might  be  partially  overcome  by 
leading  the  wires  out  in  the  form  of  a  spiral  in  the  plane  of  the 
exciting  coil,  making  it  a  sort  of  continuation  of  the  field  coil, 
but  I  hardly  think  that  it  would  be  practicable. 

Prof.  Crocker  has  not  made  any  allowance  in  his  theoretical 
design  for  the  open  space  which  must  be  left  near  the  coil  space 
for  tlie  brushes.  The  brushes  for  such  a  machine  must  be  quite 
large  and  numerous,  and  there  must  be  quite  a  lar^e  space  left 
for  them  next  to  the  coil  space ;  this  in  turn  will  change  the 
proportioning  of  the  field. 

Another  diflSculty  lies  in  the  fact  that  those  brushes  must 
necessarily  be  in  the  inside  of  the  field  where  they  are  not  easily 
accessible.  The  machine  must,  therefore,  be  designed  so  that 
it  can  easily  be  opened  at  this  part,  so  as  to  get  at  those  brushes 
without  requiring  too  much  sxilled  labor  and  too  many  special 
tools ;  this  will  affect  the  simplicity  of  the  machine  somewhat*. 
Regarding  the  term  unipolar,  I  think  myself  that  it  is  a  very 
unfortunate  one,  but  there  is  one  way  of  looking  at  it  which 
perhaps  partially  justifies  its  use.  We  can  imagine  unipolar  as 
applying  to  the  currents  in  the  armature,  in  which  case  it  means 
a  current  which  is  always  in  one  direction  as  distinguished  f rom^ 
one  which  is  alternately  in  two  opposite  directions,  as  in  the 
ordinary  dynamos.  This  may  serve  at  least  as  an  excuse  for 
the  word,  even  if  it  does  not  justify  its  use.  Regarding  the 
maximum  speed  that  Prof.  Crocker  has  calculated,  I  would 
like  to  ask  whether  that  is  with,  or  without  a  factor  of  safety.. 
If  it  is  without  a  factor  of  safety,  it  seems  to  me  that  the 
dimensions  calculated  in  those  examples  would  have  to  be 
altered  quite  materially,  because  in  a  construction  of  that  sort,, 
the  factor  of  safety  is  an  exceedingly  important  quantity,  even 
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if  it  ie  taken  as  low  as  throe,  which  is  rather  low  for  engineer- 
ing straetures  of  that  kind,  it  will  make  qnite  a  difference  in  the 
size  of  the  machine. 

Pbof.  Cbocker: — I  will  answer  Mr.  Bering's  remarks  in  order. 
In  regard  to  the  air-gap  I  have  with  me  a  blue  print  of  a  desifi^n 
which  shows  the  increase  of  the  pole  area  as  indicated  in  the 
sketch.  A  very  small  addition  of  material  would  greatly  increase 
the  pole  surface.  The  weight  of  the  machine  would  not  be 
materially  changed,  and  all  the  formulas  and  relations  would  not 
be  substantially  modified.  Of  course,  in  starting  out,  we  must 
have  a  ground  work  which  can  be  varied  slightly,  m  order  to  fulfil 
practical  requirements.  As  the  clearance  is  very  small  and  the 
magnetic  circuit  short,  I  expect  to  have  sufficient  magneto-motive 
force  to  carry  the  lines  of  force  across  that  air-gap  even  at  a  high 
density.     In  regard  to  the  holes  for  the  brushes,  and  the  disturo- 
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ing  effect  which  the  current  would  have  where  it  came  out,  that 
could  be  overcome  by  having  it  brought  out  at  a  number  of  points. 
If  necessary,  more  space  could  be  allowed  for  the  brushes,  which 
might  consist  of  blocks  of  metal  or  carbon  resting  on  the  surface 
of  the  cylinder  or  disk,  the  current  being  brougnt  out  by  strips 
of  copper  passing  through  holes  in  the  machine.     (See  Fig.  8.) 

This  trouble  could  be  overcome  by  having  a  copper  band 
around  the  armature  where  the  current  is  taken  off,  which  would 
act  as  a  sort  of  collector  to  bring  the  current  to  the  brush  con- 
tacts. Various  schemes  of  that  sort  will  suggest  themselves. 
Of  course  the  field  magnet  has  got  to  be  split  in  order  to  get  the 
coil  in.  It  could  not  be  made  solid,  and  it  would  be  desirable 
to  have  it  split  up  more  or  less  in  order  to  facilitate  handling,  etc. 

In  regard  to  the  factor  of  safety :  I  stated  in  the  paper  that 
the  safe  allowable  stress  is  assumed  to  be  10,000  pounds,  that  is 
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derived  from  Thurston's  work  ou  the  Steam  Engine.  Of  course 
steel  will  have  a  breaking  strain  far  in  excess  oi  10,000  pounds, 
and  even  20,000  pounds  working  stress  allows  a  factor  of  safety 
of  three  or  four,  and  considering  that  the  armature  is  absolutely 
enclosed  and  could  do  no  harm  if  it  burst,  I  think  that  is  suf- 
Hcient.  Of  course,  we  could  make  this  disk  or  cylinder  of  forged 
5teel,  if  necessary.  There  is  nothing  to  prevent  it,  though  It 
would  increase  the  cost  somewhat.  I  think  those  are  the  prin- 
cipal points  you'mentioned.  In  regard  to  thie  name  "  unipolar,"  I 
think  we  must  accept  it,  whether  it  is  good  or  bad. 

Mr.  Stanley  : — Some  time  ago  I  constructed  a  very  simple 
machine  which  perhaps  might  be  of  interest  to  the  Institute  ; 
reversing  the  whole  design  that  Prof.  Crocker  has  illustrated, 
keeping  the  conductor  still,  and  moving  the  magnet,  getting  rid 
of  tne  outside  contact.  The  trouble  that  I  founain  making  such 
a  machine  was,  that  I  could  not  work  with  anything  like  such 
peripheral  speed  as  Prof.  Crocker  sus^gests ;  so  I  tooK  a  copper 
band,  the  section  of  which  was,  say  this  (making  a  sketch),  and 
constructed  a  machine  very  much  like  Mr.  Mordey's  alternator. 
The  copper  band  projecting  above  and  below  the  field  was 
peitoanently  connected  to  one  terminal  of  the  circuit.  The 
magnetizing  coil  was  placed  in  the  cavity  here  as  in  the  Mordey 
machine,  and  then  a  smooth  surface  brush,  running  at  a  low 
speed,  kept  contact  with  the  interior  of  the  copper  band,  and  the 
current  from  the  interior  edge  of  the  band  was  drawn  off  through 
^the  shaft  of  the  machine.  In  this  way  I  could  increase  the  size 
'of  the  machine  very  greatly  and  keep  the  peripheral  contact 
speed  down.  Now  this  is  perhaps  very  well,  but  what  is  the  use 
of  it  all  3  Why  do  we  want  such  a  unipolar  machine,  when  we 
can  take  a  copper  band,  as  Ferranti  has  done,  and  simply  saw  it 
up  as  Mr.  Mordey  has,  and  take  both  contactjs  outside,  and  so 
have  no  sliding  contact  whatever.  In  this  way  we  get  approx- 
imately the  same  output  from  the  machine  that  Prof.  Crocker 
points  out,  and  have  all  the  advantages  of  the  unipolar  design.  I 
cannot  see  why  we  want  to  construct  unipolar  machines  because 
they  are  unipolar.  In  the  Mordey  machine  there  are  no  sliding 
contacts.  The  type  of  the  machine  is  only  limited  by  the  capacity 
to  carry  the  currents  generated,  and  there  is  very  little  armature 
reaction,  and  so  it  seems  to  me  it  would  be  going  backwards  to 
attempt  to  build  a  machine  with  a  contact  speed  of  500  feet  a 
second. 

Mr.  Kbnnelly  : — Mr.  Chairman,  the  paper  is  very  interesting, 
because  it  resuscitates  a  type  of  machine  tliat  was  supposed  to  be 
4ts  dead  as  the  mummies  oi  Egypt.  Some  of  the  difficulties  which 
are  mentioned  here,  while  they  are  no  doubt  considerable,  may 
perhaps  be  still  further  reduced  by  proper  methods  of  construc- 
tion and  design.  Mr.  Stanley  has  brought  up  an  argument 
against  resuscitating  this  machine,  showing  that  so  simple  a  de- 
parture from  this  particular  type  will  give  a  high  pressure  alter- 
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Dating  current  generator,  bat  that  seems  to  me  to  introdnee  an- 
other question,  tlie  advantages  of  alternating  versus  continuous 
currents.  Because  if  you  were  to  make  a  continuous  current 
dynamo  of  tlie  same  pressure,  you  would  have  to  introduce  the 
commutator  and  its  disadvantages  of  cost,  maintenance,  etc. 
The  paper  deals  with  the  continuous  current  generator  and  shows 
how  the  commutator  can  be  avoided  by  utilizing  a  hieh  per- 
ipheral surface  speed.  So  the  whole  question  at  issue  is,  is  it  ad- 
vantageous to  do  away  with  the  commutator  and  replace  it  by  an 
armature  of  very  simple  construction,  of  large  diameter,  perhaps 
with  a  high  peripheral  speed  of  brush  contact.  But  there  are  one 
or  two  ditHculties  mentioned  here,  and  which  have  been  raised  in 
discussion,  that  seem  to  me  not  so  great  as  they  loolc  at  first 
sight.  For  example,  I  do  not  think  that  any  danger  need  to  be 
anti(ripated  from  sucli  a  small  trouble  as  a  blow-hole.  Those  who 
have  tried  to  produce  eddy  currents  in  a  revolving  sheet  by 
deliberately  making  a  very  irregular  field,  heavily  grooving  it,  or 
putting  cavities  in  it  will  realize  how  deep  the  cavities  must  be 
to  produce  serious  disturbance  of  that  character,  and  tlie  reluct- 
ance of  the  air-gap  is  usually  so  great  that  the  difference  of 
density  which  is  produced  by  any  local  variation  on  the  surface 
is  not  large,  and  still  less  where  the  cavities,  as  in  blow  holes,  are 
hidden  from  sight.  The  great  necessity  of  uniformity  of  the 
field  density  is  only  in  one  direction.  I  would  like  to  point  that 
out  on  the  board.  (Illustrates. J  If  you  have  a  disk  wnich  rota- 
ting in  its  own  plane,  and  whicn  is  represented  by  that  circle  (re-  ^ 
ferring  to  a  sketch)  then  it  does  not  matter  how  the  fiux  density 
varies  along  any  radius,  it  only  matters  how  the  flux  density 
varies  along  any  circle.  If  the  flux  density  varies  along  any 
circle,  then  there  will  be  a  tendency  for  the  eddy  currents  to 
produce  themselves.  But  the  flux  densities  may  vary  from  the 
center  to  the  periphery  in  the  most  arbitrary  manner,  provided 
that  whatever  variation  takes  place  at  this  radius  is  symmetric- 
ally reproduced  all  around. 

The  form  of  field-magnet  which  is  presented  in  this  paper  and 
which  has  struck  Mr.  Hering  so  forcibly,  as  being  unnecessary,, 
has  probably,  I  presume,  been  introduced  with  the  idea  of  con- 
structing a  gigantic  machine,  because  the  larger  the  machine  is, 
the  less  is  the  fraction  of  the  total  reluctance  formed  by  the  air- 
gap,  and  the  greater  is  the  value  of  the  iron  in  the  immediate 
vicinity  of  the  air-gap. 

I  presume  therefore  that  all  these  designs  are  intended  to  be 
used  on  a  very  large  scale  in  practice. 

Mr.  Steinmetz  : — In  this  problem  of  unipolar  machines  we 
have  to  be  very  careful  to  guard  against  a  mistake  which  is  made 
quite  frequently,  especially  in  trying  to  reverse  the  action  of  a 
machine.  In  an  electrical  conductor  an  electromotive  force  is  in- 
duced, if  it  moves  through  or  relatively  to  a  magnetic  field,  that  is, 
either  if  the  magnetic  field  varies  in  intensity,  or  if  the  magnetic 
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field  is  constant  and  uniform,  and  the  conductor  moves  through 
the  field.  Now  take  this  unipolar  machine  in  Fig.  3.  There  is  a 
constant  magnetic  field,  that  is,  a  field  which  has  at  any  point  in 
space  a  constant  intensity  and  constant  direction,  no  matter 
whether  you  revolve  or  do  not  revolve  the  magnet;  because  if 
you  abandon  this  idea  of  lines  of  force,  which  is  nothing  else 
but  a  physical  hypothesis,  and  go  back  to  the  original  meaning 
of  the  maenetic  neld,  as  the  intensity  and  the  direction  of  the 
magnetic  displacement  in  the  ether,  you  can  find  that  in  the  ma- 
chine, Fig.  3,  even  if  you  revolve  the  magnet,  the  field  is  con- 


FiG.  9. 


stant.  Thus  you  can  very  easily  get  a  machine  which  can  never 
do  anything.  Take  the  machine  that  Mr.  Stanley  showed  us 
Fig  9.  Whether  the  magnet  and  the  magnetizing  coil  stand  still 
or  whether  they  revolve,  the  intensity  and  direction  of  the  mag- 
netic field  at  any  point  is  constant.  Hence,  there  is  no  e.  m.  f. 
induced  in  the  stationary  armature  conductor.  Still  you  get  a 
current  from  the  machine.  But  where  is  the  seat  of  the  electro- 
motive force  ?  It  is  where  the  lines  of  force  are  cut.  That  is, 
inside  of  the  revolving  magnet,  in  the  line  a  b. 

The  very  large  diameter  of  armatures  necessary  in  a  unipolar 
machine  is  no  serious  objection  ;  because  in  direct-connected 
alternators  we  have  running  in  this  country  armatures  of  12 
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feet  and  16  feet  Id  diameter,  though  not  with  200  revolutions  by 
any  means.  But  where  I  see  a  more  serious  objection  is,  tliat  I 
fear  the  efficiency  of  the  machine  will  be  very  seriously  reduced 
by  the  brush  friction,  because  you  need  an  enormous  brush  to 
take  off  the  current,  and  even  if  you  use  very  little  pressure  of 
the  brush,  still  you  must  consider  that  vou  have  a  speed  of  five 
to  six  miles  per  minute  or  over  300  miles  per  hour.  These  are 
tremendous  speeds,  about  three  times  as  high  as  the  highest 
speed  reached  in  .revolving  dynamo  machinery,  and  about  eight 
times  as  high  as  the  highest  brush  speed  on  collectors  or  com- 
mutators. As  to  taking  off  the  current  by  mercury  contact*  1 
have  never  tried  it  myself,  but  I  remember  some  remarks  of 
Professor  Forbes  about  it.  He  said  he  had  tried  it  and  had  been 
very  unsuccessful.  His  statement  was  something  like  this: 
That  he  could  not  get  any  current,  because  before  Tie  could  get 
any  current  the  mercury  had  evaporated  by  friction. 

1  tried  myself  some  years  ago  to  build  a  unipolar  machine  to 
solve  this  problem  of  multiplying  the  electromotive  force  by 
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Fig.  10. 


Fig.  11. 


coiling  the  conductors,  and  I  succeeded  with  it.  It  was  very 
successful  indeed,  only  when  I  was  through  it  and  saw  what  kind 
of  machine  I  got,  I  was  thoroughly  disgusted  and  gave  it  up.  I 
think  1  can  show  you  the  chain  of  reasoning.  It  is  quite  inter- 
esting in  showing  what  a  unipolar  machine  speculation  can  lead 
to.  1  started  with  Faraday's  disk.  Fig.  10.  The  magnet  is  n  s. 
Then  electromotive  force  is  induced,  say  in  the  direction  of  the 
arrow.     To  multiply  the  b.  m.  f.  I  took  a  second  disk. 

Now,  connecting  the  outsides  of  the  disks  with  each  other,  in 
Fig.  11,1  could  return  the  e.  m.  f.  of  one  disk  by  the  other,  and 
thereby  bring  the  two  brushes  to  the  center,  as  shown  in  Fig.  11. 
By  doing  this,  I  have  to  revolve  the  part  of  the  magnetic  circuit 
between  the  disks,  that  is,  make  a  kind  of  an  armature,  consist- 
ing of  an  iron  ring  between  the  two  Faraday  disks. 

Evidently  these  disks  have  to  be  slotted  to  get  rid  of  eddies. 
But  if  vou  slot  them  you  are  enabled  to  coil  the  conductor,  as 
shown  m  Fig.  12,  by  offsetting  the  slots,  so  that  the  circuit  leads 
from  one  segment  to  the  next,  and  thus  you  have  solved  the  prob- 
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lem  of  coilinff  the  conductor  in  the  unipolar  machine,  but  if 
you  look  at  what  you  have,  in  Fig.  12,  you  see  it  is  nothing  but 
the  regular  bipolar  dynamo.  Since  that  time  I  gave  up  trying 
to  improve  unipolar  machines. 

Thb  Pbesident  : — I  will  ask  Prof.  Crocker  to  close  the  dis- 
cussion. 

Pbof.  Cbockbh  : — In  regard  to  what  Mr.  Stanley  has  said,  it 
seems  to  me  that,  as  Mr.  Kennelly  stated,  it  is  simply^  the  ques- 
tion of  the  alternating  versus  direct  current  whicn  is  not  the 
subject  under  discussion.  But  taking  the  case  as  Mr.  Stanley 
stated,  we  should  have  there  all  the  complications  of  armature 
windings.  You  would  entirely  lose  that  simple  and  solid  arma- 
ture construction.     You  would  require  insulation,  etc. 
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You  complicate  greatly  the  m'echanical  construction.  Further- 
more, the  alternator  certainly  would  not  do  for  electro-metal- 
urgical  purposes.  It  would  not  do  to-day,  for  instance,  for  a 
central  station,  where  they  are  using  direct  current  and  want 
another  dynamo  to  give  a  larger  output.  This  paper  relates 
simply  to  unipolar  direct  current  machmes,  and  I  was  not  com- 
paring them  with  alternators.  I  was  comparing  them  to  the 
ordinary  type  of  direct  current  machines. 

In  regard  to  what  Mr.  Steinmetz  has  said,  those  ideas  are  ex- 
actly the  things  I  wanted  to  avoid.  My  experience  has  shown 
me  tliat  when  we  depart  from  this  simple  disk  or  cylinder  con- 
struction, we  get  into  all  these  complications  and  finally  arrive 
at  a  result  which  is  very  inferior  to  the  ordinary  Gramme  or 
Siemens  machine. 


A  paptr  pretemttd  at  the  eleventh  Genera/  Meet- 
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dent Houston  in  the  Chair. 
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This  paper  is  a  report  of  an  investigation  made  by  Mr.  Ochsner 
in  the  electrical  engineering  laboratory  of  the  University  of 
Wisconsin.  The  results  are  positive,  and  of  sufficient  practical 
value  t^  justify  consideration.  They  set  at  rest  all  questions  re- 
garding the  direct  effect  of  the  alternating  current  upon  the 
average  commercial  fuse  wire.  Practically  speaking,  there  is 
no  such  action.     Mr.  Ochsner's  report  is  as  follows :     . 

The  following  work  was  undertaken  with  a  view  to  studying 
the  disintegrating  effect  of  alternating  currents  on  fuse  metals 
which  has  been  reported,  and,  if  possible,  ascertaining  the 
cause.  As  the  work  done  at  Cornell  University^  last  year  showed 
such  a  remarkable  rise  of  resistance,  and  a  lowering  of  the  fu- 
sing points  of  the  fuses  placed  on  the  alternating  circuits,  I  de- 
<5ided  to  repeat  the  experiments,  and  if  any  change  in  the 
resistances  should  take  place  to  prolong  them. 

1. — The  Effect  of  Alternating  Currents  on  the 
Resistance  of  Fuses. 

Samples  of  fuse  wire  of  five  amperes  rated  capacity  were  ob- 
tained from  five  different  manufacturfers,  and  to  these  were 
added  a  30-ampere  fuse  wire  which  we  happened  to  have,  and  a 
copper,  a  german  silver,  and  an  iron  wire.  Pieces  of  wire  from 
each  sample,  each  of  them  varying  from  nine  to  ten  feet  in 
length,  were  wound  upon  cylindrical  pieces  of  pine  wood  about 
a  foot  long  and  one  and  one-half  inches  in  diameter.     The  table 

1.  **  The  Action  of  Continuous  and  Alternating  Currents  on  Fuse  Metals,"  by 
C.  P.  Matthews  ;  Transactions,  vol.  x,  p.  351. 
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below  gives  the  names  of  the  firms  from  which  the  samples  were 
obtained  and  their  rated  capacities. 

Rated  Capacity. 

Ansonia  Electric  Co.  (Wirt  fuse  wire) 30 

Shawmut  Fuse  Wire  Co.  (two  samples) 5 

The  Independent  Electric  Co 5 

Peru  Electric  Manufacturing?^  Co , .  5 

TheE.  S.  Greeley  &  Co 5 

Taylor,  Dee  &  Mack    5 

Iron  wire 

■  German  silver  wire 

Copper  wire  

To  prevent  the  turns  of  wire  from  crowdinjij  together  on  the 
cylinders,  thus  causing  short-circuits  ;  short,  helical  grooves  were 
made  with  a  file.  To  the  end  of  each  fuse,  short  pieces  of  hea^7' 
<5opper  wire  were  soldered,  and  the  joints  were  wiped  with  a 
damp  cloth.  These  terminals  were  fastened  to  the  wood  by  light 
staples,  and  tlie  ends  were  amalgamated. 

A  simple  rack  was  constructed  so  that  all  the  fuses  could  be 
put  in  series,  the  copper  terminals  dipping  into  mercury  cups. 

The  resistances  were  determined  by  means  of  the  Antliony 
bridge  in  the  laboratory  of  the  University  of  Wisconsin,  the 
readings  being  taken  to  the  fourth  decimal  place.  Connections 
were  made  by  dipping  the  copper  terminals  of  the  fuses  into 
mercury  cups,  and  using  short,  heavy  copper  wires  for  leads.  A 
dead-beat  galvanometer  was  used,  and  in  this  way  it  was  possible 
to  do  the  work  in  about  twenty  minutes.  As  it  was  impossible 
to  keep  the  laboratory  at  a  constant  temperature  it  was  necessary 
to  make  temperature  corrections,  and,  therefore,  to  determine 
the  temperature  coeflScients  of  all  the  samples.  It  was,  however, 
possible  to  keep  the  temperature  within  a  few  degrees  of  20^ 
<*entigrade,  which  I  considered  the  standard  temperature,  and  to 
which  I  reduced  all  my  results. 

Therefore  it  was  thought  sufficiently  accurate  to  determine  the 
<5oefticients  in  the  following  way,  a  small  error  in  the  coefficient 
introducing  only  a  slight  error  for  a  correction  of  a  few  degrees. 
On  one  occasion  the  room  was  allowed  to  c©ol  to  the  outdoor 
temperature  and  the  resistances  were  measured,  and  the  next 
day  the  room  was  heated  as  high  as  possible,  and  the  resistances 
were  again  measured.  A  range  of  about  16  degrees  centigrade 
was  obtained.  The  average  rise  of  resistances  for  one  degree, 
and  the  coefficients,  were  then  calculated. 
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The  bridge  has  a  temperature  coil,  from  the  resistance  of  which 
the  temperature  of  the  bridge  coils  is  quickly  found.  The  tem- 
perature coefficient  of  the  bridge  coils  is  only  .0(K)23,  and,  there- 
fore, the  corrections  for  them  can  be  made  very  accurately.  The 
rise  of  resistance  for  one  degree  centigrade  and  the  coefficients^ 
together  with  the  data  from  which  they  were  obtained  are  given 
in  the  following  table,  in  which  t  is  the  higher  temperature,  ^  the 
temperature  of  the  bridge  coils,  and  R  the  measured  resistance 
corresponding.  Similarly  the  letters  marked  with  a  prime  cor- 
respond to  the  lower  temperature. 


No. 

t        t. 

R 

r 

''. 

R 

Rie 

for  !•  C. 

Coeff. 

I 

aa-a 

aa.8 

'^Pt 

7.26 

10 

:^.l 

1      .00190 

.00400 

a 

* 

.C858 

so 

1      .003C4 

.00357 

3 

** 

** 

1.3035 

10 

'Te 

•00444 

.00344 

4 

*' 

\       1        -^173 

' 

9.9 

.00301 

.0030B 

5 

** 

:;   ;    -^^ 

** 

9.9 

.0259 

.00357 

.00368 

6 

.8083 

9-9 

.82C9 

.00313 

.00364 

7 

.9701 

*' 

9.g 

.9107 

.09390 

.004C6 

8 

*• 

.2184 

* 

9.8 

.200I 

.00119 

.00535 

9 

** 

* 

.8309 

•* 

9? 

.8v>2 

.oooao 

.00094 

lO 

1    ■479a 

9.8 

.4503 

.0C190 

.00401 

The  fuses  were  now  put  on  the  alternating  lighting  circuit 
which  furnishes  the  light  for  the  laboratory.  Enough  resistance 
was  put  in  series  to  give  a  current  of  about  three  amperes.  The 
pressure  is  110  volts,  and  the  frequency,  approximately,  125. 
The  lighting  circuit  is  run  continuously,  except  for  about  nine 
hours  on  Sundays ;  but  to  have  a  check  on  the  time  that  the 
fuses  were  subjected  to  the  current,  a  Thomson  recording  watt- 
meter was  placed  in  circuit. 

The  resistances  of  the  fuses  were  measured  at  fairly  regular 
intervals,  and  the  corrected  results  were  plotted. 

The  following  table  is  a  sample  of  one  measurement.  The 
resistance  of  the  temperature  coil  was  considered  to  vary  uni- 
formly during  the  test. 


No. 

Temp. 

Resis. 
Temp.  Coil . 

Resis.  U«ds. 

Resistance. 

s 
a 
3 

4 

1 
I 

9 

20.30 
20.30 
903s 
ao.38 
20.40 
90.4^ 
ao.50 
20  60 
20.63 

267.2 
^67.4 

.0033a 
.00390 

i.a95o 
.8aai 

.9647 
.2190 

•8j»7 

Average  =  .00321. 
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While  making  the  ninth  measurement,  I  noticed  that  touch- 
ing the  fuses  with  the  hands  caused  a  decided  increase  in  the 
resistance,  and  upon  investigation  it  was  found  that  a  rise  of 

Resistances 
Scale  fqr  No.8     Scale  for  No.e         f  g       Scale  fgr  No.3 


P'  O 

CD  .  05 

Scale  for  No. 7     Scale  for  No.5»  Scale  for  No.10  Scale  for  No. 2 

Fio.  1. — Changes  in  resistance  of  fuse  wires,  subjected  to  the  action  of 
alternating  currents. 

over  one  per  cent,  resulted  from  the  heating  of  the  fuses  when 
holding  them  firmly  with  one  hand.  After  that  discovery  they 
were  handled  with  greater  care,  and  a  drop  which  is  noticeable 
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in  the  curves  was  the  result.  The  heating  effect  of  the  bridge 
battery,  although  very  small,  was  also  found  suflScient  to  intro- 
duce a  slight  error,  but  by  depressing  the  keys  only  for  an  in- 
stant, the  error  was  rendered  negligible.     A  little  later  1  dis- 


o   o 


o  o  o         o 

Percentage  Variation  in  Resistances 


Pig.  2. — Percentage  variations  in  the  resistance  of  fuse  wires  subjected  to  the 
action  of  alternating  current,  vertical  scale,  1  division  equals  1  per  cent. 


covered  that  the  indications  of  the  thermometer  whicli  was  hung 
near  the  fuses  did  not,  by  any  means,  represent  the  true  tempera- 
ture of  the  fuses.  They  had  been  heated  by  the  alternating 
current  to  about  50°  centigrade,  and  had  not  been  given  suffi- 


1804.]  JACKSON  AND  0GH8NER  ON  FUSE  WIRB.  485 

cient  time  to  cool  down  to  the  temperature  of  the  room,  the 
pine  wood  retaining  the  heat  for  a  considerable  period.  It  was 
therefore  decided  not  to  pass  any  current  through  the  fuse  for 
some  time,  but  to  measure  the  resistance,  as  before,  from  day  to 
day,  being  very  careful  in  getting  the  temperatures  accurately  ; 
but  in  the  latter  I  was  not  entirely  successful.  It  was  found 
practically  impossible  to  get  the  temperature  of  the  fuses  cor- 
rect within  a  few  tenths  of  a  degree,  because  the  temperature  of 
the  room  would  vary  in  spite  of  all  care,  and  the  fuses  would 
not  follow  this  variation  so  rapidly  as  the  thermometer  indicated 
it.    Nevertheless,  far  better  results  were  obtained  than  before. 

The  result  of  this  part  of  the  work  is  shown  by  the  curves. 
Figs.  1  and  2,  between  tlie  two  heavy  vertical  lines. 

After  thiSf  the  fuses  were  again  subjected  to  the  alternating 
current  for  about  100  hours,  measurements  of  resistance  being 
made  daily.  Each  day,  as  the  current  was  turned  off,  they  were 
cooled  down  rapidly  by  taking  them  into  a  cold  room,  and  leav- 
ing them  for  some  time,  after  which  they  were  brought  back  to 
the  working  room  and  allowed  to  stand  for  about  five  or  six 
hours  before  measuring  the  resistances.  The  results  are  shown 
by  the  last  part  of  the  curves.  As  fuse  No.  3  seemed  to  show 
greater  irregularity  than  the  others,  another  piece  of  the  same 
sample  was  added.  It  is  the  one  numbered  10,  and  the  curve  is 
plotted  directly  under  No.  3  for  comparison. 

From  the  fourteenth  point  on,  the  curves  are  all  practically 
straight  horizontal  lines,  the  irregulaiities  being  about  the  same 
when  no  current  passed,  as  when  it  did.  Nearly  all  the  points 
on  the  curves  before  the  fourteenth  were  considerably  higher. 
This  shows  plainly  that  the  fuses  had  not  cooled  down  to  the 
temperature  of  the  room  when  the  resistance  measurements  were 
made,  the  variations  depending  on  the  length  of  time  they  were 
allowed  to  stand.  Considering  the  average  values  of  the  last 
parts  of  the  curves  to  represent  the  true  resistances,  the  greatest 
variation  was  1.8  per  cent,  in  the  case  of  No.  3,  and  even  this  is 
not  too  large  to  be  explained  by  the  above  errors.  In  proof  of 
this,  I  measured  the  resistance  of  one  fuse  immediately  after 
turning  off  the  current,  and  also  15,  20,  36  and  50  minutes  later, 
and  found  the  errors  to  be  respectively  8  per  cent.,  6.2  per  cent., 
3  per  cent ,  2.3  per  cent,  and  1  per  cent. 

That  the  first  point  on  each  curve  is  nearly  as  low  as  the  final 
values,  is  due  to  the  fact  that  current  had  not   been  passing 
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through  the  fuses  before  that  measurement  was  made,  and  the 
fuses  were,  therefore,  at  the  temperature  of  the  surrounding  air 
which  was  recov^ered  by  the  thermometer.  Another  proof  that 
the  variations  are  due  to  temperature  is  shown  by  curve  No.  9. 
This  represents  a  wire  which  has  a  very  small  temperature  co- 
efficient, and  accordingly,  it  varies  the  least  of  any.  While  the 
actual  rise  in  curve  No.  3  is  much  greater  than  in  any  of  the 
others,  the  percentage  rise  is  only  slightly  greater,  the  resistance 
of  the  fuse  being  the  largest  of  all. 

These  experiments  prove  that  there  is  no  appreciable  rise  of 
resistance  in  fuses  subjected  to  alternating  currents,  at  least  not 
within  a  period  of  550  hours.  More  accurate  results  might  un- 
doubtedly have  been  obtained^  had  the  fuses  been  mounted  in 
such  a  manner  as  to  avoid  contact  with  any  large  masses  of  solid 
material,  but  the  accuracy  is  amply  sufficient  to  prove  the  case. 

These  results  are  diametrically  opposed  to  those  given  in  the 
report  of  similar  work,  published  in  the  Tra^nsaotions,  vol.  x, 
p.  262  already  referred  to.  While  in  the  latter  investigations, 
corrections  were  made  for  the  standard  resistance  with  which  the 
fuses  were  compared,  no  such  corrections  were  made  for  the  fuse 
wires.  The  fuses  were  subjected  to  larger  currents  than  in  my 
tests,  with  consequent  greater  heating.  The  resistances  were 
apparently  measured  without  allowing  sufficient  time  for  the 
fuses  to  acquire  the  temperature  of  the  room,  and  even  if  this 
was  done,  the  variation  in  temperature  of  the  room  as  given  in 
the  original  report  of  the  investigation  (which  Mr.  C.  P. 
Matthews,  Instructor  at  Cornell  University,  kindly  sent  me)  was 
sufficient  to  introduce  serious  eiTors.  The  resistances  were  mea- 
sured by  the  fall  of  potential  method.  According  to  the  drawing, 
showing  the  arrangement  of  the  apparatus,  no  extra  resistance 
is  put  in  series  with  the  battery  to  reduce  the  current  strength. 
This  current  may  have  been  sufficiently  great,  in  the  smaller 
sized  fuses  at  least,  to  cause  considerable  heating.  For  these 
and  other  reasons  relating  to  the  accuracy  of  the  tables,  I  think 
that  this  part  of  the  work  reported  by  Mr.  Matthews  is  not  to 
be  relied  upon,  and,  therefore,  the  conclusions  based  upon  it  are 
of  no  value. 
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2.    The  Effect  of  Alternating   Currents   on  the   Fusino 

Points. 

Next  the  fusing  points  before  and  after  passage  of  current 
were  determined.  As  the  continuous  current  from  the  dynamo 
which  was  available  was  too  variable,  I  was  obliged  to  use  a  few 
storage  cells  for  fusing  the  wires. 

A  small,  sensitive  resistance  which  could  be  varied  slowly  was 
needed.  A  long  german  silver  wire,  stretched  tightly,  with  a 
good  spring  clamp  for  a  sliding  contact,  was  found  to  serve  ad- 
mirably. 

Six-inch  lengths  of  the  fuses  were  soldered  to  short,  heavy 
copper  wire  terminals,  the  ends  of  which  were  amalgamated  and 
dipped  into  mercury  cups  in  making  connections.  The  fuse, 
variable  resistance,  storage  battery,  and  a  Weston  ammeter  read- 
ing from  0  to  15  amperes,  were  placed  in  series.  As  the  current 
approached  the  fusing  point  it  was  varied  very  slowly  and  gradu- 
ally, giving  it  ample  time  to  heat  the  fuse.  Only  the  five  am- 
pere wires  were  tested.  A  number  of  pieces  of  each  of  these 
were  tested ;  half  of  these  had  been  subjected  to  the  alternating 
current,  and  half  had  not.  I  shall  call  these  the  "  old "  and  the 
"  new  "  samples  respectively.  Pieces  of  the  old  and  the  new  of 
each  sample  were  tested  alternately  so  as  to  eliminate  the  errors 
caused  by  a  change  in  the  temperature  of  the  room._  The  results 
are  given  in  the  following  tables : 

Fusing  Currents. 


Nos.  3  and  xo  New. 

No.  3  Old. 

No.  xo  Old. 

7.4c 

7.19 
7-30 

7.35 
7.10 
7.10 

6.80 

7.30 
7.29 
7.10 
7.20 
7.05 

Average,   7.23 

7.07 

7.188 

Lowered  a.aa  per  cent. 

Lowered  .58  per  cent. 
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No.  4. 

No  5. 

No.  6. 

No.  7. 

New 

Old 

New 

Old 

New 

Old 

New 

Old 

8.63 
8.80 
8.70 

8.76 

8.70 

8.6a 

8.60 

l:S 

8.70 
8.64 
8.64 
8.64 
8.6s 

890 

8.20 

0.20 

8.95 

9.10 
9.06 

9.08 
8.93 
9.09 

8.89 
8.84 

1:88 

8.88 

8.97 
8.70 
880 

ii? 

8.85 
8.6' 
887 
878 

8.96 
8.77 

8.80 

8!88 
898 
8«8 
8.80 

8.70 
8.95 
8.90 

8.80 
8.96 
8.90 
8.89 

^•S 

9  06 

r;i 

8.66 
8.90 

9.07 
906 
9.09 
9.05 
9.10 
8.85 
8.95 
9.10 
8.80 

9.t3 

Average 
8.725 

8.632 

8.941 

8863 

8.743 

884. 

8.895 

9.01a 

Lowered  1.07  per  cent. 

Lowered  .87  per  cent. 

Riae  of  1.13  per  cent. 

Rise  of  1.3a  per  cent. 

Four  of  these  samples  show  a  slight  lowering,  while  two  show 
a  slight  rise  in  the  fusing  point,  bat  the  difiPerences  are  of  the  same 
order  as  the  differences  between  individual  test  pieces.  While  a 
test  of  only  a  comparatively  small  number  of  fuses  in  this  way 
hardly  establishes  the  correctness  of  the  results,  a  slight  change 
in  the  fusing  points  probably  did  take  place,  as  is  shown  by  the 
fair  uniformity  of  the  figures  in  each  sample. 

That  such  slight  change  as  did  occur  was  due  to  oxidation  there 
is  also  little  doubt,  for  all  of  the  old  fuses  showed  slight  oxida- 
tion, and  the  effect  is  too  small  to  be  of  practical  moment. 

As  to  the  results  in  the  earlier  investigation  already  referred 
to  [Trans.  Vol.x,  p.  65.]  on  the  fusing  points,  only  the  averages 
are  given,  and  no  mention  is  made  of  temperature ;  therefore  it  i& 
impossible  to  properly  judge  of  their  accuracy.  As  far  as  can 
be  determined  from  the  ori2:inal  report,  however,  the  tests  do  not 
seem  to  be  any  more  reliable  than  the  resistance  tests. 

Sir  David  Salomons  in  the  discussion  of  a  paper,  by  Mr.  A. 
C.  Cockbum,  read  before  the  Society  of  Telegraph  Engineers 
and  Electricians  in  1886,  stated  that  fuses  alter  in  two  ways  with 
time.  Most  of  the  metals,  especially  alloys,  according  to 
Alexander  Siemens,  being  subject  to  slight  oxidation,  which 
lowers  the  fusing  point. 

Dr.  Salomons'  own  experience,  he  says,  was  rather  the  other 
way,  the  fusing  point  being  raised  with  long  use. 

Mr.  Cockbum  had  the  same  experience.  Mr.  Matthews  also 
states  that  the  formation  of  oxides  in  the  case  of  tin,  and  the  tin 
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and  lead  alloys,  may  delay  the  fusion  almost  indefinitely, while  the 
oxidation  of  copper  and  iron  wire  seems  to  favor  its  prompt 
fusion. 

3.  Conclusions. 

In  the  light  of  the  experiments  herein  described,  and  the  state- 
ments made  by  Cockbum,  Salomons,  and  Matthews,  is  it  necessary 
to  ascribe  a  slight  change  in  the  properties  of  the  fuse  to  the  dis- 
integrating effect  of  the  alternating  current  ?     I  think  not. 

In  practice,  a  fuse  is  seldom  obliged  to  carry  a  current  equal  to 
its  full  rated  capacity.  In  electric  lighting,  for  instance,  the 
lamps  protected  by  a  fuse  are  not  likely  to  be  all  turned  on  at 
once,  and  therefore  the  fuse  is  seldom  carrying  more  than  a  small 
part  of  its  rated  capacity.  The  experiments  that  I  have  made, 
therefore,  represent  the  conditions  of  ordinary  practice  and  prove 
that  a  fuse  as  used  in  practice  is  not  directly  affected  by  the  alter- 
nating currents. 

Fuses  on  alternating  current  circuits  are  sometimes  found  to 
blow  without  apparent  reason,  but  something  outside  of  the  dis- 
integrating effect  of  the  current  is  the  cause.  Under  some  con- 
ditions, the  result  has  come  about  through  the  mechanical  shaking 
to  which  an  alternating  current  fuse  is  sometimes  subjected  when 
not  tightly  clamped  by  the  terminal  screws. 


Discussion. 
Dr.  Leonard  Waldo: — Papers  of  this  class  would  have  a  very 
much  higher  value  if  they  were  accompanied  by  an  analysis  of 
the  metals  that  were  used.  The  theory  underlying  such  a  paper 
is  this : — that  the  fuse  wire  is  made  up  of  homogeneous  material 
like  a  copper  conductor.  Nothing  can  be  further  from  the  truth. 
A  fuse  wire  as  usually  made,  consists  of  two  or  more  metals 
which  have  very  little  affinity  for  each  other,  which  have  low 
melting  points,  and  which  under  the  repeated  action  of  a  heating- 
to-softness  current  simply  shift  the  position  of  the  relative  metals. 
Any  theories  based  on  the  resistance  of  the  metal,  must  take  into 
account  the  actual  condition  of  the  metal  as  the  heating  current 
is  sent  through  it.  I  think  the  literature  of  fuse  metals  is  in  a 
very  imperfect  state,  and  if  we  are  to  have  a  theoretically  perfect 
metal  for  fuse  purposes  it  must  embody  the  condition  of  not 
changing  the  physical  condition  of  the  metals  of  which  it  is  com- 
posed in  the  act  of  heating,  and  it  must  therefore  be  a  homo- 
geneous metal,  of  the  quality  of  pure  tin,  or  iron  or  steel,  or  of 
aluminium-bronze,  for  instance.  The  valuable  qualities  of  fuse 
metal  must  depend  upon  using  the  minimum  amount  of  energy 
to  affect  the  heating  to  a  melting  point,  and  it  is  actually  iinishing 


440  J  A  CK80N  AND  OCHSNBR  ON  FUbE  WIRE.  {May  16, 

its  existence  as  a  continuous  conductor  at  the  point  where  the 
current  becomes  unsafe.  I  only  wish  to  make  the  two  points, 
that  papers  on  fuse  metals,  should  inform  us  of  what  the  fuse 
metals  were  composed ;  and  that  the  essential  quality  of  a  good 
fuse  metal  is  that  it  should  be  homogeneous. 

Prof.  J.  P.  Jackson  : — I  do  not  think  the  paper  was  intended 
to  indicate  what  would  be  a  good  fuse  metal.  A  few  commercial 
samples  of  fuses  were  taken  directly  from  the  factory  and  careful 
tests  made  with  as  many  corrections  as  possible.  The  tests  were 
not  as  full  as  they  should  have  been.  Nevertheless  they  are 
quite  accurate,  and  the  results  show  a  very  even  loss  of  resist- 
ance all  through  the  period  of  the  test  of  each  fuse.  They  also 
show  exceedingly  small  variation  in  the  fusing  p6ints  due  to  the 
effect  of  alternating  current  upon  them.  Of  course  if  the  fuse  is 
not  homogeneous — if  it  is  made  of  cast  irou  or  some  such  metal 
— the  alternating  current  may  possibly  rack  or  crystallize  it.  In 
this  case  it  will  be  affected.  But  on  the  commercial  fuses  under 
consideration — and  I  put  stress  on  the  word  commercial,  because 
the  paper  is  given  to  show  what  the  practical  effect  is  on  sucli 
fuses,  without  going  into  the  chemical  theory — on  these  commer- 
cial fuses  the  paper  indicates  that  the  effect  of  alternating  cur- 
rents is  not  injurious. 

[Communicated  by  Sir  David  Salomons,  or  London.] 

With  regard  to  the  remarks  made  in  the  paper  on  alternate 
currents  and  fuses,  I  will  venture  to  give  my  experience  with 
fuses  since  the  time  referred  to,  now  many  years  ago.  I  still 
find  that  the  fuse  wire  is  apt  to  alter,  and  tliat  in  no  two  samples 
of  wire  is  the  alteration  in  the  same  way;  which  is  chiefly  due  to 
impurities  in  the  metals.  I  am  a  great  advocate  for  tin  wire, 
since  it  is  cheap  and  very  good  in  practice.  If  a  fuse  is  to  be  of 
service  the  whole  time  during  which  the  current  is  passing,  the 
wire  will  be  raised  to  a  very  high  temperature ;  and  from  an 
exhaustive  series  of  experiments  made  on  various  metals  and 
alloys  kept  at  high  temperatures  and  periodically  cooled,  I  find 
that  it  becomes  more  or  less  crystalline  or  granular  after  a  time. 
In  this  respect,  I  observe  that  the  experience  of  others  agrees 
with  my  own ;  also  that,  when  the  wire  is  in  the  crystalline  or 
granular  state,  a  larger  current  may  be  passed  before  it  gives 
way  than  when  the  fuse  was  new.  One  of  the  chief  reasons  why 
the  alternate  current  appears  to  alter  the  fuse  wire  more  than  the 
direct  current  does,  is  1  think,  the  fact  the  variations  in  the 
E.  m.  f.  with  the  alternate  current  system  are  greater  than  with 
the  direct.  Consequently,  the  variations  in  the  temperature  of 
the  fuse  wire  with  the  alternate  current  is  greater  than  with  the 
direct. 
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TEST  OF  A  CLOSED-COIL  AEC  DYNAMO. 

BY    PROF.  R.    B.  OWENS   AND   C.  A.  SKINNER. 

That  80  much  has  been  said  and  written  concerning  the  design 
of  constant  potential  machinery,  effects  of  armature  reactions, 
control  of  sparking,  etc.,  and  so  little  concerning  the  machinery 
used  for  arc  lighting,  seems  rather  remarkable  considering  the 
fact  that  by  far  the  larger  part  of  our  outside  lighting  as  well  as 
much  inside  lighting  is  done  by  means  of  arc  lamps  in  series,  and 
I  hope  a  discussion  will  follow  in  which  more  light  will  be 
thrown  on  the  principles  of  design  of  arc  machinery,  for  at 
present  there  seems  to  be  much  empiricism  in  the  matter. 

The  immediate  object  of  the  present  paper  is  to  show  some- 
thing of  the  nature  of  the  armature  reactions  which  occur  in 
arc  light  machines  of  the  closed-coil  type,  maintaining  constant 
current  by  automatically  shifting  the  brushes  to  correspond  with 
changes  in  load  in  the  external  circuit,  and  to  point  out  certain 
Alterations  in  design  which  it  is  believed  may  be  adopted  with 
advantage.  Incidentally  other  points  will  be  noted.  Of  course 
there  are  other  well  known  methods  of  maintaining  the  current 
constant :  notably  by  shunting  the  field  magnets  as  in  the  Brush 
machine,  or  a  combination  of  this  with  shifting  the  brushes  as  in 
the  new  Excelsior  machine,  or  by  varying  the  length  of  time  per 
revolution  during  which  the  armature  coils  are  in  series  and 
shunt  to  each  other  or  short-circuited  as  in  the  T.-II.  machine, 
but  these  will  not  be  considered  at  present.  Nor  is  it  intended 
here  to  discuss  the  relative  advantages  of  the  several  types,  but 
only  to  give  some  results  obtained  in  a  test  of  a  closed-coil 
machine  regulating  as  above  mentioned.  Such  machines  are 
now  taking  a  prominent  part  in  the  arc  lighting  industry,  and 
their  prominence  merits  for  them  more  close  study.  Alternating 
current  dynamos,  as  the  Westinghouse  arc  light  machine,  have 
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been  devised  which  keep  the  square  root  of  the  mean  square  of 
the  current  remarkably  constant  through  extremely  wide  varia- 
tions in  load,  and  without  any  external  regulating  mechanism 
whatever.  They  possess  many  advantages,  but  are  not  now 
widely  used,  for  arc  lamps  seem  as  yet  to  work  more  satisfactorily 
on  continuoas  carrent  circuits.  We  believe  it  is  also  possible  to 
build  continuous  current  arc  machines  which  by  armature  reac- 
tions alone  can  keep  the  current  very  nearly  constant  throughout 
a  considerable  range,  but  it  would  seem  that  their  cost  would  be 
more,  and  their  eflSciency  less,  than  in  some  of  the  types  using 
an  external  regulating  mechanism,  although  we  have  no  exact 
comparative  data. 

The  machine  on  which  the  following  experiments  were  made 
is  a  No.  6,  25-ligh1>  2,000  c.  p.  Wood  arc  dynamo,  a  scale  drawing 
of  which  is  shown  in  Fig.  1. 

From  the  drawing  all  dimensions  as  of  magnet  limbs,  yoke 
pole-pieces  armature,  etc.,  are  at  once  seen.  Its  designer,  Mr. 
James  J.  Wood,  most  courteously  consenting  to  my  giving  the 
name  of  the  machine  tested,  and  its  full  data. 

The  winding  data  and  other  details  as  furnished  by  the  makers 
are  as  follows  : 

The  field  magnet  winding  is  composed  of  four  coils  of  No.  10 
B.  and  S.  gauge  copper  wire,  single  cotton  covered.  The  outside 
diameter  when  insulated  is  0.114  in.  Each  coil  contains  100  lbs. 
of  wire  m  15  layers  of  74  turns  each. 

The  insulation  of  the  magnet  cores,  is  1-8  in.  thick,  and  com- 
posed of  one  layer  of  enameled  cloth,  the  enameled  surface  fa- 
cing the  iron,  the  remainder  being  composed  of  pressboard  0.025 
in.  thick.  The  magnet  heads  are  wooden  washers  5-16  in.  thick, 
carefully  dried  and  shellaced. 

The  armature  core  is  composed  of  No.  10  B.  and  S.  gauge 
annealed  charcoal  iron  wire.  This  is  wound  on  a  former  which 
is  removable,  and  is  composed  of  15  layers,  Of  in.  wide.  These 
wires  are  held  together  by  interposed  strips  of  linen  tape.  The 
core  is  then  insulated  with  a  layer  of  asbestos  paper,  3  thicknesses 
of  pressboard  0.15  in.  thick,  one  layer  of  asbestos  paper  again, 
and  then  over  this  one  more  layer  of  pressboard  0.15  in.  thick, 
making  a  smooth  surface  for  the  copper  wires  to  be  wound  on. 
The  insulations  near  the  spider  arms  are  built  up  of  the  same 
material  and  in  the  same  manner  as  the  armature  core,  until  they 
attain  a  thickness  of    J  in.     The  armature  is  wound  with  100- 
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sections  of  No.  14  B.  and  S.  gauge  double  covered  cotton  wire. 
Each  section  is  composed  of  93  feet,  or  57  turns  per  section, 
making  a  total  of  115  pounds  of  wire. 

The  regulator  magnet  is  wound  with  No.  11  single  cotton 
covered  B.  and  S.  gauge  wire,  in  the  manner  shown  on  the 
dynamo.     The  insulation  of  the  cores  being  5-32  in.  thick,  and 


Fig.  2. — Showing  distribution  of  e.  m.  f.  with  10  amperes  in  field  and  no 
current  in  armature. 


that  of  the  magnet  heads  3-16  in. 
per  minute. 


Speed  of  dynamo,  1000  rev. 


Conditions  of  Test. 

The  dynamo  was  securely  bolted  to  a  firm  foundation  of 
masonry,  and  driven  through  a  7  in.  belt  by  a  small  8  in.  x  10  in. 
high-speed  automatic  Atlas  engine  making  250  revolutions  per 
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minute.  Steam  was  supplied  at  as  nearly  constant  pressure  as 
passible.  The  automatic  regulator  of  the  dynamo  was  removed^ 
together  with  one  pair  of  opposite  collecting  brushes,  and  the  re- 
maining pair  reduced  one-half  in  width  parallel  to  the  commu- 
tator bars,  to  allow  of  easier  manipulation  of  the  exploring 
brushes,  their  angular  width  being  of  course  adjusted  for  each 
load  to  prevent  sparking. 


TABLE  I. 

DiSTSIBUTION  OF  E.  M.  F.   AROUND  THE  OOMMUTATOS,  WITH   FlELDS   SePARATELV 

Excited;  no  Current  in  Armature.    Bt  the  Two-Brush  Method. 
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With  8, 10  and  12  amperes  the  neutral  points  remained  at  the  positions  .6  and 
50.6.  Check  readings  taken  after  each  column  of  observations  showed  a  varia- 
tion of  less  than  2  per  cent,  in  all  cases. 


It  was  at  first  attempted  to  use  a  number  of  arc  lamps  as  load 
for  the  dynamo,  but  though  carefully  adjusted  and  using  cored 
carbons,  the  variations  of  potential  and  current  due  to  their  feed- 
ing was  greater  than  could  be  admitted,  so  the  lamps  were  dis- 
carded for  two  water  rheostats  4  feet  X  1  foot  X  1  foot,  with  car- 
bon electrodes.  These  latter  on  the  whole  were  found  to  work 
quite  satisfactorily,  their  resistance  hot  was  considerably  less  than 
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when  cold,bat  it  changed  so  gradually  that  no  trouble  was  expe- 
rienced in  correcting  for  it  by  adjusting  the  electrodes. 

The  distribution  of  the  induction  entering  the  armature  at 
different  loads  was  obtained  by  taking  the  £.  ic.  f.  at  various 
points  on  the  commutator  between  two  small  pilot  brushes  moved 
around  and  in  contact  with  it. 

The  two  brush  method,  though  somewhat  more  diiScnlt  to 


Fiu.  3. — E.  M.  F.  with  10  ampere  current  in  field  and  armatui-e,  25-light  position. 


work  than  the  single  brush  method,  has  the  advantage  over  the 
latter  of  giving  the  quantities  sought  directly,  instead  of  as  a 
difference  between  quantities  which  are  large  as  compared  with 
those  desired.  In  some  cases  the  integral  readings  of  the  brush 
method  have  been  plotted,  but  curves  so  obtained  do  not  indicate 
so  clearly  what  is  mainly  sought,  namely,  the  distribution  of 
lines  of  force  entering  the  armature.     True,  one  curve  can  be 
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i^pproximatelj  obtained  from  the  other,  if  electrostatic  instru- 
ments  are  used,  but  not  with  electromagnetic  instruments,  for 
they  will  give  only  a  mean  e.  m.  f.  depending  on  the  relative 
width  of  a  commutator  bar  and  insulation  and  distance  apart  of 


TABLE  II. 

Distribution  or  e.  m.  f.  around  the  Commutator,  as  shown  by  the  Two- 
Brush  Method. 

Position  of  the  toe  of  collecting  brushes,  83.8  and  88.8. 
Xumber  of  segments  covered  by  each  collecting  brush,  7. 
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Check  readings  after  each  column  of  observations  showed  a  variation  of  less 
than  2  per  cent,  in  all  cases. 

With  8  amperes  the  voltage  between  the  collecting  brushes  was  1160;  between 
neutral  points,  1225;  the  neutral  points  being  at  47.6  and  97.6. 

With  10  amperes  the  voltage  between  brushes  was  1190;  between  neutral 
points,  1235;  the  position  of  the  neutral  points  being  47.8  and  97  6. 

With  12  amperes  the  voltage  between  brushes  was  1236 ;  between  neutral 
points,  1319;  the  neutral  points  being  at  47.7  and  97.7. 


the  pilot  brushes.  The  results  obtained  however  with  a  volt- 
meter of  the  Weston  type,  are  proportional  and  for  the  present 
purpose  are  equally  valuable. 

The  exploring  brushes  as  finally  used  were  pieces  of  steel 
watch  springs  firmly  held  in  small  fibre  holders.     These,  in  turn 
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were  rif^idly  secured  by  brass  studs  to  a  graduated  sliding  ring^ 
moving  within  another  stationary  ring,  attached  to  and  insulated 
from  the  dynamo  frame  and  carefully  centered  with  the  commu- 
tator. 

Two  brushes  were  used  in  each  holder  to  better  ensure  good 
contact.  Copper,  brass  and  phosphor-bronze  exploring  brushes 
were  tried  at  first,  but  found  not  as  satisfactory  as  steel.  It  was  also 


Fig.  4.— e.  m.  f,  with  10  amperes  in  field  and  armature,  20-light  position. 

found  very  necessary  at  all  times  to  keep  the  brushes  and  com- 
mutator as  clean  as  possible. 

The  sliding  ring  was  marked  off  into  one  hundred  divisions,  the 
number  of  commutator  segments,and  the  exploring  brashes  made 
to  cover  just  two  commutator  bars  or  one  fiftieth  of  the  circum- 
ference, but  the  ring  might  have  been  divided  into  degrees  if 
desired.  The  curves  shown  in  figures  2, 3, 4,  5,  6,  and  7  arc  plotted 
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SO  tliat  the  results  maj  be  read  either  in  degrees  or  in  divisions 
of  the  graduated  ring. 

The  inner  circle  represents  the  commutator  of  one  hundred 
segments,  and  the  100  divisions  of  the  ring  are  marked  on  the 
outer  circle. 

TABLE  III. 

Distribution  op  b.  m.  p.  around  the  Commutator,  as  shown  by  thb  Two- 
Brush  Method. 

Position  of  the  toe  of  collecting  brushes,  81.6  and  81.6. 
Number  of  segments  covered  by  collecting  brushes,  6.7. 
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Curreac— X9  Amperes. 
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Check  readings  taken  after  the  observations  in  each  column  showed  a  varia- 
tion of  less  than  1  per  cent. 

With  current  of  8  amperes  the  voltage  between  brushes  was  970 ;  between 
neutral  points,  1182;  the  neutral  points  being  at  the  positions  48.1  and  98.1. 

With  10  amperes  the  voltage  oetween  brushes  was  976;  between  neutral 
points,  1210;  tne  neutral  points  being  at  positions  48.2  and  98.2. 

With  12  amperes  the  voltage  between  brushes  was  9(K);  between  neutral 
points,  1250;  the  neutral  points  being  at  positions  48.3  and  98.3. 

With  8  and  10  amperes  the  sparking  at  brushes  was  very  slight,  but  with  12 
amperes  it  increased  to  destructive  sparking. 


The  radial  lines  are  5  degrees  apart,  and  the  radial  distance 
between  concentric  circles  represents  10  volts.  If  the  results  had 
been  plotted  on  a  developed  diagram,  then  the  areas  of  the 
carves  would  have  represented  total  or  integral  electromotive 
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forces,  but  the  circular  diagram  has  the  advantage  of  appealing 
more  quickly  to  the  eye,  and  though  the  total  e.  m.  f.  is  not  exactly 
represented  by  the  area  it  is  proportional  to  the  number  of  the 
small  approximate  rectangles  enclosed.  In  obtaining  eflSciency 
measurements,  the  power  delivered  to  the  dynamo  was  obtained 
by  indicating  the  engine.     The  cards  were  taken  with  a  Tabor 


Pig.  5. — e.  m.  f.  with  10  amperes  in  field  and  armature,  15-light  position. 


indicator,  and  worked  up  with  a  Coffin  averaging  instrument ; 
the  speed  was  obtained  by  a  speed  counter,  and  stop  watch.  The 
electrical  instruments  used  were  a  Weston  0.15  amperemeter  for 
current  measurements.  A  Weston  0.15  and  0.150  voltmeter  for 
potentials  between  pilot  brushes,  and  a  0.150  and  0.1500  Weston 
voltmeter  for  total  electromotive  forces.  All  instniments  were 
previously  calibrated. 
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Results  Obtained. 

Fifteen  sets  of  readings,  fifty  readings  per  set,  were  taken 
around  the  commutator  with  currents  in  armature  and  field,  of 

TABLE  IV. 

Distribution  of  e.  m.  p.  around  Commutator,  as  shown  by  the  Two- 
Brush  Method. 

Position  of  the  toe  of  collecting  bnishes,  30.1  and  80.1. 
Number  of  segments  covered  by  each  collecting  brush,  4.7. 


Current — 8  Amperes. 
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After  making  the  observations  in  each  column,  check  readings  were  taken  at 
numerous  positions,  and  in  all  cases  the  variation  was  less  than  1  per  cent. 

With  current  of  8  amperes  the  voltage  between  the  collecting  brushes  was 
785. 

With  the  same  current  the  voltage  between  the  neutral  points  was  1150;  the 
neutral  plane  passine  through  the  48.2  and  98.2  positions  on  the  scale. 

With  10  amperes  the  voltage  between  collecting  brushes  was  784;  the  voltage 
between  neutral  points  was  1188;  and  the  position  of  the  neutral  points  was 
48.9  and  98.9. 

With  12  amperes  the  voltage  between  the  collecting  brushes  was  74^^ ;  the  volt- 
age between  neutral  pohits  was  1200;  and  the  position  of  the  neutral  points, 
49  and  99. 

With  8  amperes  there  was  slight  sparking  at  the  brushes;  with  10  amperes 
^here  was  none;  and  with  12  amperes  there  was  considerable  sparking. 

The  volts  between  neutral  pomts  varied  somewhat,  while  the  volts  between 
brushes  remained  constant  throughout. 


8,  10  and  12  amperes,  at  positions  of  the  collecting  brushes 
approximately  corresponding  to  loads  of  5,  10,  15,  20  and  25 
lights.     Three  sets  of  readings  were  also  taken  with  currents  in 
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the  field  of  8,  10  and  12  amperes  and  no  current  in  the  armature. 
The  results  obtained  are  given  in  tables,  and  for  a  current  of  ten 
amperes  are  plotted  in  corresponding  plates. 

The  reactions  of  the  armature  are  so  clearly  shown  by  the 
curves  that  comment  hardly  seems  necessary.  Briefly,  we  see 
that  the  total  induction  in  armature,  varies  very  slightly  with 
lead,  and  the  displacement  of  the  neutral  plane  decreases  with 


Fio.  6. — E.  M.  p.  with  10  amperes  in  field  and  armature,  10-light  position. 


lead  angle,  but  varies  less  than  10  degrees  from  no  load  to  the 
maximum  load  used. 

All  electromotive  forces  on  one  side  of  the  neutral  plane  are 
of  the  same  sign  but  differ  in  sign  from  those  on  the  opposite 
side. 

On  a  developed  diagram  the  electromotive  forces  between  col- 
lecting brushes  would  be  proportional  to  the  difference  between 
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the  whole  area  of  curve  on  one  side  of  the  line  of  commutation 
and  the  area  of  the  curve  included  in  the  angle  of  lead,  the 
lead  angle  being  defined  as  the  angular  advance  of  the  collecting 

TABLE  V. 

Distribution  of  e.  m.  f.  around  the  Commutator,  as  shown  bt  the  Two- 
Brush  Method. 

Position  of  the  toe  of  the  collecting  brashes,  28.7  and  78.7. 
Number  of  segments  covered  by  the  collecting  brashes,  4. 
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Check  readings  taken  after  the  observations  in  each  column  showed  a  varia- 
tion of  less  than  1  per  cent,  in  all  cases. 

With  current  of  8  amperes  the  voltage  between  brushes  was  654;  between 
neutral  points,  1140;  the  neutral  points  being  at  the  positions  49.2  and  90.2. 

With  current  of  10  amperes  the  voltaffe  between  brashes  was  622 ;  between 
neutral  points.  1170;  the  neutral  points  being  at  the  positions  49.8  and  99.8. 

With  12  amperes  the  voltage  between  brashes  was  552;  between  neutral 
points,  1185 ;  the  neutral  points  being  at  49.4  and  99.4. 

With  8  amperes  the  sparking  at  the  brashes  was  very  slight;  with  10  amperes, 
a  minimum ;  and  with  12  amperes  it  was  considerable. 


brashes  from  the  neutral  plane.  An  inspection  of  the  curve  of 
total  E.  M.  F.  with  angle  of  lead  given  in  Fig.  6^  shows  that  the 
F.  between  neutral  points  remains  nearly  constant  as  lead 


E.  M. 


varies,  which  it  is  believed  would  not  be  the  case  if  contracted 
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polar  faces  were  used  instead  of  the  extended  ones  as  shown, 
for  then  the  shifting  of  the  field  conld  not  be  so  easily  effected. 
Of  course  a  machine  of  the  design  tested,  with  extended  pole 
tips,  requires  an  automatic  widening  of  the  brush  with  increased 
load  or  independent  control  of  sparking,  but  it  would  seem  that 
the  waste  field  at  all  loads  would  be  less,  and  its  weight  efficiency 


Fig.  7. — e.  m.  f,  with  10  amperes  in  field  and  armature,  5-Iight  position. 


greater  or  cost  for  a  given  output  less,  than  if  its  pole  tips  were 
cut  away.  Cutting  away  the  pole  tips  or  at  least  not  extending 
them,  would  have  the  advantage  of  allowing  the  use  of  collecting 
brushes  of  constant  width  within  a  certain  range,  but  whether 
this  advantage  more  than  compensates  for  the  decreased  range 
of  its  output  is  open  to  question.  Further  experimental  evidence 
is  however  needed  in  this  regard. 
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Regarding  the  relative  amounts  of  iron  in  field  and  armature, 
we  see  no  reason  for  the  present  practice  of  using  so  little  iron 
in  the  armature,  as  compared  with  the  field.     The  necessity  of  a 

TABLE  VI. 

Distribution  op  e.  m.  f.  around  the  Commutator,  as  shown  by  the  Two- 
Brush  Method. 

Position  of  the  toe  of  collecting  brushes,  *^7.9  and  77.9. 
Number  of  segments  covered  by  each  collecting  brush,  3. 


Currrnt— 8  Amperes. 

Current— 10  Amperes. 

Current — za  Amperes. 
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After  making  the  observations  in  each  column  several  check  readings  were 
taken,  and  in  all  cases  the  variation  was  within  2  per  cent.,  while  in  most  of 
them  it  was  not  more  than  1  per  cent. 

With  current  of  8  amperes  the  voltage  between  the  collecting  brushes  was 
890;  the  voltage  between  the  neutral  points,  1110;  the  neutral  plane  passing 
through  the  positions  49.7  and  99.7  on  the  scale. 

With  10  amperes  the  voltage  between  the  collecting  brushes  was  879 ;  the 
voltage  between  neutral  points  was  1160,  the  neutral  plane  passing  through 
49.9  and  99.0 

With  12  amperes  the  voltage  between  the  collecting  bnishes  was  285;  the 
voltage  between  neutral  points,  1170;  the  neutral  plane  passing  through  50.1 
and  .1. 

With  8  amperes  there  was  slight  sparking;  with  10  amperes  there  was  none; 
and  with  12  amperes  there  was  consiaerable  sparking. 


very  high  field  induction  or  a  thoroughly  stiff  field  is  apparent ; 
but  why  when  the  lines  are  once  generated  by  the  field  it  is  not 
sought  to  collect  and  utilize  them  all  by  means  of  an  armature^ 
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with  a  generous  amount  of  iron  is  not  so  easily  seen.  The  num- 
ber of  commutator  segments  would  of  course  have  to  be  increased 
to  prevent  sparking,  but  the  regulating  qualities  of  the  machine 


• 

^1000 

^ 

' 

l« 

5*" 

^m 

tn 

» 

V 

a 

0 

« 

0 

b 

0 

• 

0 

'0 

80 

M 

Angia  of  LjMd 

Pio.  8 


laoo 

uoo 

*— ■ 

^^ 

^ISHfi 

ilAT 

1100- 

^ 

^^ 

_, 

U  8* 

Ba.. 

lAMIi 

> 

C 

^ 

^ 

•v, 

je.  000 

/ 

^ 

BR  I8HE 
31.6  A  fl 

J  AT 

i.e 

k  gooi 

/ 

y 

A 

c  TOO 

Y 

•B   600 

/^ 

/ 

r< 

-^ 

r- 

"^ 

'--^ 

^, 

•   fiOO 

'/ 

y 

C^ 

^-^ 

"^ 

*^ 

V* 

pAAl 
K.1 

8A1 

5   100 

/ 

A 

X 

^ 

^ 

^^ 

'V 

<MueM 

800 

A 

w 

■^ 

<'* 

»4.7 

7 

BRUSH 1 
27  0  * 

A  AT 
^7.8 

100 

0       1834       607       8       0      10     11     UiSUUlO 
Amp«p«B 

Fig.  9.— Characteristics. 


would,  it  is  believed,  not  be  impaired.     The  result  would   be  a 
larger  output  and  greater  efficiency. 
Regarding  the  ratio  of  ampere-turns  on  field  and  armature 
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such  ratio  will  depend  largely  on  the  shape  of  the  pole-pieces 
and  desired  width  of  brush,  but  is  in  all  cases  much  less  than  in 

TABLE  VII. 
Change  of  Voltagb  betwbbn  Neutral  Points  wfth  Angle  of  Lead. 


Angle  of  Lead. 

Volts. 

44* 

ii6o 

zaio 
"35 

TABLE  VIII. 

SaowiNO  Effect  Produced  by  Shunting  the  Fields,  with  10  Amperes 

IN  Armature. 


Position  of  Brushes. 


•8.7  and  78.7 

30.t    •*    80.1 
»(      »i    •- 

33;8    ;^ 


8^.8 


Carrent  in  Fields. 


10. 

10. 
8.1 


Sparking. 


None. 

Too  much  for  gool  service. 

Excessive. 

None. 

Too  much  for  good  service. 

Excessive. 

None. 

Too  much  for  good  service. 

Excessive. 


TABLE  IX. 

Variation  of  e.  m.  f.  at  Brushes  with  Different  Currents,  and  with 

Different  Positions  of  Brushes. 


Position  of 

Position  of 

Position  of 

Position  of 

Position  of 

Brushes 

Blushes 

Brushes 

Brushes 

Brushes 

Currents. 

•7.9  and  77.9. 

38.7  and  78.7. 

30.1  and  80.1. 

3X.6and  81.6. 

33.8  and  83.8. 

Volts. 

Volte. 

Volts. 

Volte. 

Volte. 
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constant  potential  machines.  That  in  the  present  instance  with 
the  widths  of  brushes  given,  the  ratio  could  not  be  widely  de- 
parted from  without  violent  sparking,  is  shown  in  table  No.  8. 
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The  characteristic  curves  shown  in  Fig.  9,  and  readings 
given  in  table  No.  9,  were  taken  at  the  5,  10,  15,  20  and  25  light 
positions  of  the  brushes,  and  show  that  with  this  machine,  regula- 
tion is  almost  entirely  effected  by  shifting  the  brushes,  as  the 
curves  droop  too  slowly  to  assist  to  any  material  extent.    Of 
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TABLE  X. 
Efficbscy  Test. 


Input. 

Output, 

Efficiency. 

H.  p. 

H.  P. 

Per  cent. 

6.86 

3.3 

49.6 

9-7 

5-3 

54.6 

12.7 

9.0 

7X.O 

15-3 

X1.6 

75-8 

20.5 

J7.2 

83.9 

Miscellaneous. 

Constant  loss  in  fields  with  10  amperes 1575  watts. 

Rtvdiating  surface  of  fields 1245  sq^.  in. 

Radiating  surface  of  fields  per  watt  loss 8  sq.  in. 


course  they  might  have  been  made  to  droop  much  more  rapidly 
if  the  collecting  brushes  had  been  moved  into  sparkless  positions 
for  each  value  of  the  current,  but  a  curve  so  obtained  is  not  at  all 
a  characteristic.  The  efficiency  curve  is  given  on  Fig.  10, 
and  readings  in  table  No.  10.  From  this  curve  and  from  what 
we  have  seen  of  the  machine  it  is  evident  that  it  would  never 
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pay  to  run  machines  of  this  type  underloaded.  If  a  number  are 
used  in  one  station,  the  connections  of  the  external  circuits  at  the 
switchboard  should  be  so  manipulated  as  to  keep  the  machines 
actaally  in  use  always  loaded  to  as  near  their  full  capacity  as 
possible. 

Our  thanks  are  due  to  Mr.  H.  J.  Podlesak,  who  greatly  assisted 
in  taking  the   observations  and  working  up  the   results. 
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Discussion. 

Mr.  C.  N.  Black  : — I  think  that  the  remark  of  Mr.  Owens, 
in  regard  to  the  iron  in  the  armature  is  very  true.  Arc  machines 
as  built  heretofore  have  always  had  enormous  field  cores  and 
very  small  armatures.  We  cannot  get  a  constant  current  ma- 
chine by  any  such  arrangement.  It  is  practically  impossible. 
On  the  other  hand  if  we  build  an  armature  with  an  ample  cross- 
section  and  work  it  only  just  around  the  bend  of  the  curve,  we 
can  build  a  machine  that  will  be  practically  automatic,  without 
outside  i*egulation,  and  which  will  give  a  constant  current  with  a 
very  slight  variation.  That  is  the  principle  on  which  the  latest 
125-light  Brush  machine  is  built.  The  iron  in  the  armature  is 
worked  at  only  about  90,000  to  95,000  lines  per  square  inch  at 
full  load,  and  of  course  at  lower  loads  the  ampere-turns  on  the 
armature,  cuts  that  induction  down  proportionally,  so  that  at  very 
low  loads  we  have  a  very  low  induction,  and  we  get  a  character- 
istic curve  that  without  any  regulator  does  not  vary  more  than 
two  and  a  half  to  three  amperes,  from  6,000  volts  to  zero.  The 
machine  works  on  the  downward  slope  of  the  curve,  part  of 
which  is  absolutely  vertical ;  for  instance,  from  4,500  volts  down 
to  100  volts,  there  is  not  one-tenth  of  an  ampere  variation  in  the 
current. 

Mb.  Steinmetz: — I  am  of  the  opposite  opinion  and  at  the 
same  time  of  the  same  opinion  as  the  last  speaker.  I  am  of  the 
opinion  that  the  density  of  the  iron  should  be  very  high,  but  I 
am  inclined  to  think  that  the  last  speaker  is  so  accustomed  to  the 
arc  light  dynamo  densities  of  over  100,000  that  he  considers 
95,000  as  low  density.  This  is  for  constant  potential  machines 
very  high  density,  though  with  regard  to  some  old  arc  light 
machines  it  is  low  density. 

With  regard  to  the  problem  of  building  arc  light  dynamos,  it 
has  been  said  that  the  worse  a  machine  is,  the  better  suitable  it 
is  as  an  arc  light  dynamo.  But  it  is  not  so.  The  fact  is,  that 
the  problems  to  be  considered  in  the  design  of  an  arc  light 
dynamo  are  so  essentially  different  from  those  of  a  constant 
potential  dynamo,  that  a  bad  design  of  a  constant  potential  may 
be  a  very  good  design  for  an  arc  light  dynamo,  ana  in  general,  a 
good  design  of  a  constant  potential  machine  is  a  bad  design  of 
an  arc  ligTit  machine.  But  it  is  of  just  as  much  theoretical  im- 
portance to  investigate  and  underetand  the  problem  of  arc  light 
dynamo  design,  as  it  is  with  the  constant  potential  dynamo 
design. 

What  we  want  in  an  arc  light  machine,  is  a  machine  which  will 
ffive  constant  current  automatically  if  possible,  without  any  regu- 
lating mechanism  at  all ;  or  at  least  so  that  the  regulating  mechan- 
ism is  only  an  additional  control  to  take  up  secondary  actions, 
but  not  to  do  the  whole  of  the  regulation — otherwise  the  machine 
must  be  a  failure. 

You  can  do  this  in  two  different  ways.     The  ordinary  shimt 
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machine  has  the  tendency  to  regulate  for  constant  cnrrent,  be- 
cause if  you  have  a  shunt  machine  with  an  ide'al  characteristic, 
that  is,  a  machine  whose  induced  electromotive  force  is  propor- 
tional to  the  ampere-turns  in  the  field,  and  if  the  resistance  and 
the  armature  reaction  are  negligible,  then  this  machine  will  at 
any  voltage  just  give  the  ampere-tums  required  to  produce  this 
voltage — that  means,  it  will  not  give  definite  voltage,  but  any 
voltage  desired  by  the  conditions  of  the  external  circuit. 

In  the  machine  as 'it  actually  is,  the  excitation  of  the  dynamo 
must  be  proportional  to  the  terminal  voltage,  plus  a  constant 
quantity,  that  quantity  which  produces  the  voltage  consumed  in 
tne  armature.  Thus  a  shunt  machine  with  a  constant  separate 
excitation,  will  fulfil  the  condition  of  giving  a  terminal  voltage 
proportional  to  the  external  resistance,  that  is,  will  act  as  a  con- 
stant current  dynamo  for  all  voltages  below  saturation,  that  is, 
below  the  bend  of  the  magnetic  characteristic. 

This  machine  will  be  a  constant  current  dynamo,  but  not  an  arc 
light  dynamo,  because  it  will  not  regulate  quickly  enough.  If 
the  load  is  changed  suddenly,  it  is  along  time  before  the  mag- 
netism changes  to  the  altered  conditions  of  load  and  excitation, 
and  thus  either  a  sudden  rush,  or  a  sudden  decrease  of  current 
takes  place.  For  instance,  you  cut  out  half  the  lights.  Then 
the  current  will  suddenly  double  its  values,  and  then  gradually 
go  down  to  normal.  Such  a  machine  will  do  very  well  for  a 
series  incandescent  dynamo,  but  for  arc  light  circuits  you  want 
macliines  which,  when  the  load  is  suddenly  varied,  do  not  allow 
the  current  to  go  above  or  below  a  certain  value. 

The  machine  must  be  one  whose  armature  will  regulate  auto- 
matically for  constant  current,  that  is,  where  a  small  change  of 
the  armature  cnrrent,  and  therebv  the  armature  m.  m.  f.  will 
essentially  change  the  field  ;  if  need  be,  destroy  it.  The  effective 
field,  I  mean ;  tor  even  when  short-circuiting  the  machine,  the 
field  may  not  disappear  entirely,  but  may  be  turned  around  in 
such  a  direction  as  to  become  ineffective  with  regard  to  the  ter- 
minal voltage. 

Thus,  you  require  a  machine  of  very  large  armature  reaction, 
that  is,  a  machine  whose  armature  m.  m.  f.  is  of  the  same  magnitude 
as  the  field  m.  m.  f.,  and  very  large  compared  with  the  resultant 
M.  M.  F.  required  to  produce  the  magnetism.  In  such  a  machine  a 
small  variation  of  the  armature  current,  that  is,  the  armature 
M.  M.  F.,  will  vary  the  resultant  m.  m.  f.  and  thereby  the  magnetism 
and  the  e.  m.  f.  very  greatly.  For  instance,  let  the  ampere-tums 
of  the  field  =  12,000  at  full  load,  the  component  of  armature  am- 
pere-tums in  the  direction  of  the  field  =  10,000,  and  the  resul- 
tant or  magnetizing  ampere-tums  =  2,000.  When  suddenly 
short-circuiting  the  machine,  the  current  will  rise  only  so  far  as 
to  raise  the  armature  ampere-tums  to  equalitv  with  the  field  am- 
pere-tums, that  is,  from  10,000  to  12,000,  or  by  20  per  cent.,  and 
thereby  blow  out  the  field. 
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This  is  the  principle  of  a  successful  arc  light  dynamo,  a  dynamo 
regulating  for  constant  current  by  its  armature  reaction.  Such  a 
machine  will  without  any  outside  regulation  as  shifting  of 
brushes,  etc.,  keep  the  current  practically  constant  under  all 
loads,  whether  a  continuous  current  dynamo  or  alternating. 

It  will,  however,  require  an  enormous  m.  m.  f.  on  field  and 
armature  to  get  very  close  regulation.  Here  the  external  regu- 
lation comes  in. 

You  can  get  along  with  very  much  less  m.  m.  f.,  just  enough 
not  to  get  too  large  a  fluctuation  of  current  by  a  very  sudden 
change  of  load  before  the  regulator  can  act.  Thus  the  arc  light 
regulator  is  merely  for  the  purpose  of  making  the  inherent  reg- 
ulation of  the  machine  still  closer.  This  is  done  by  short-cir- 
cuiting or  shunting  a  part  of  the  field,  or  by  changing  the  k.  m.  f. 
of  the  armature  by  shifting  the  brushes,  etc.  So  you  have  two 
ways  of  reffulating  the  arc  light  dynajno,  that  is,  of  making  a 
machine  wnich  automatically  tends  to  give  approximately  con- 
stant current,  to  yield  absolutely  constant  current. 

The  shifting  of  the  brushes  introduces  a  second  difliculty. 
You  must  arrange  the  machine  not  to  spark,  that  is,  to  commu- 
tite  at  any  position  where  the  brushes  may  stand  during  the 
change  of  load.  That  means,  the  field  strength  at  the  position 
where  the  brushes  stand  must  always  be  such,  that  during  the 
time  of  the  reversal  of  the  current  in  the  short-circuited  coil,  the 
K.  M.  F.  of  self-induction  which  is  induced  by  the  reversal,  is  just 
counteracted  and  destroyed  by  the  k.  m.  f.  induced  bv  the  field 
magnetism  in  the  short-circuited  coil,  so  that  the  field  has  just 
reversed  the  current  during  the  time  from  the  beginning  of  the 
sliort-circuit,  by  the  gap  entering  the  brush  until  the  time  where 
the  short-circuit  is  opened  by  the  gap  passing  and  leaving  the 
bnish.  This  re({uires  a  low  density  in  tlie  gap.  This  is  secured 
by  large  extending  pole-pieces,  which  besides  are  necessary  again 
to  get  the  large  armature  m.  m.  f.  and  low  resultant  m.  m.  f.  for 
automatic  regulation.  It  is  theoretically  possible  to  build  ma- 
chines  so  that  the  density  of  the  field  will  be  uniform  wherever 
tlie  brushes  may  stand,  and  that  consequently  in  a  closed  circuit 
armature  you  can  shift  the  brushes  around  the  gap  without 
changing  the  width  of  the  brushes.  Where  this  is  not  the  case, 
but  the  resultant  density  at  the  position  of  brush  varies  with  the 
shifting  of  the  brush,  sparkless  commutation  can  be  gotten  by 
varying  the  frequency  of  commutation,  that  is,  the  width  of  the 
brush,  or,  in  other  words,  using  two  brushes  in  parallel  and  shift- 
ing tlie  one  against  the  other.  Similar  considerations  hold  in 
the  case  of  regulation  by  shunting  the  dynamo  field,  etc. 

Another  point  of  importance  in  arc  light  dynamos  is  the 
amount  of  iron.  Theoretically  the  amount  of  iron  in  the  arma- 
ture is  of  no  importance  except  that  there  must  be  enough  iron  to 
caiTy  the  flux.  But  if  you  nave  very  much  iron  in  the  magnetic 
circuit  of  a  constant  current  machine  of,  say,  10,000  ampere-turns 
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on  the  armature  and  on  the  field,  then  if,  snddenlj^,  the  anna- 
ture  current  is  broken,  the  effective  or  magnetizing  ampere-turns 
rise  from  12,000  —  10,000  =  2,000,  to  12,000,  the  armature  m.m.f. 
being  withdrawn,  and  these  ampere-turns  being  enormous  com- 
pared with  the  ampere-turns  that  are  necessary  to  send  tlie  nor- 
mal flux  through  tne  armature,  the  density  ffoes  up  to  saturation 
and  the  e.  m.  f.  jumps  up,  as  in  Mr.  Stanley's  arc  light  alter- 
nator— where  it  was  very  prettily  taken  care  of  by  a  spark  gap 
short-circuiting  the  machine  at  abnormal  rise  of  voltage. 

This  rise  of  e.  m.  f.  is  partially  guarded  against  by  running 
the  armature  iron  at  high  saturation,  so  that  even  the  enormously 
increased  m.  m.  f.  in  the  moment  of  opening  the  circuit  cannot 
raise  the  density,  and  thereby  the  volt^^e  seriously. 

That  is  the  reason  why  it  has  been  found  desirable  to  restrict 
the  use  of  iron  in  the  armature  of  arc  light  dynamos  as  far  as 
possible. 

Mr.  Black  : — I  would  like  to  ask  Mr.  Steinmetz  how  he  would 
get  anywhere  near  as  constant  a  current  from  a  machine  in  which 
the  iron  in  the  armature  is  worked  at  110,000  lines  as  he  could 
get  from  a  machine  whose  armature  is  worked  just  at  the  bend 
of  the  magnetic  curve,  for  the  reason  that  any  counter  m.  m.  f. 
set  up  in  the  armature  at  that  point  would  decrease  the  flux  in 
armature  exactly  in  proportion  to  any  increase  in  the  current,  so 
that  the  current  would  have  to  remain  almost  absolutely  constant. 
Further,  I  cannot  understand  how  he  could  get  a  very  great  in- 
crease of  flux  from  the  field  magnets,  without  at  the  same  time 
getting  a  counter  m.  m.  f.  in  the  armature  (in  the  series  machine) 
and  the  objection  that  the  voltage  would  go  up  to  double  or 
treble  what  the  machine  was  designed  for,  strikes  me  would  not 
hold  good,  as  any  increase  of  current  in  the  field,  would  be  ac- 
companied by  a  like  increase  in  the  armature,  and  if  the  machine 
was  a  constant  current  series  machine  the  voltage  would  drop 
immediately,  and  not  go  up. 

Mr.  ^teinmetz  : — W  ith  regard  to  the  second  point,  if  the  line 
is  suddenly  interrupted,  in  a  separately  excited  machine,  as  an 
alternator ;  this  means  destruction,  if  the  voltage  is  not  kept 
within  limits  by  magnetic  saturation,  or  some  lightning  arrester 
or  spark  gap  is'^used.  In  a  series  machine  this  danger  is  greatly 
reduced,  smce  the  field  excitation  disappears  at  open  circuit.  How- 
ever, in  suddenly  opening  the  circuit,  the  total  flux  in  the  field 
may  remain  approximately  the  same  as  before,  but  while,  due  to 
the  counter  m.  m.  f.  of  the  armature,  this  flux  before  passed 
largely  around  the  armature  as  stray  field,  now  with  the  with- 
drawal of  the  counter  m.  m.  f.  of  the  armature,  the  total  flux 
passes  through  the  armature,  and  the  e.  m.  f.  jumps  up. 

All  this  depends  on  the  length,  shape,  etc.  etc.  of  the  magneto- 
circuit  and  other  conditions,  and  we  will  therefore  choose  that 
density  which  is  high  enough  to  limit  the  e.  m.  f.,  and  at  the 
same  time  low  enough  not  to  use  too  many  ampere-turns  at 
normal  running. 
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Mb.  Black  : — I  think,  as  to  the  first  qaestioD,  that  the  voltage 
of  the  machine  would  be  taken  care  of  under  any  circumstances. 
The  machine  would  simply  flash  at  the  commutator,  which  would 
immediately  reduce  the  voltage.  I  cannot  conceive  of  any  com- 
bination of  circumstances,  by  which  we  could  keep  the  current 
in  the  field  at  its  normal  strength,  and  have  no  current  in  the 
armature,  except  in  a  separately  excited  machine. 

Mb.  Steinmetz  : — But  it  is  not  necessary  to  go  higher.  You 
can  avoid  the  flashing  by  not  allowing  the  e.  m.  f.  to  rise  very 
much  higher. 

Mb.  Black  : — It  seems  to  me,  if  you  have  enough  turns  in  the 
armature  to  get  a  back  or  a  counter  m.  m.  f.  of  any  value,  and  if 
those  ampere-turns  are  reduced  to  zero,  and  the  field  is  kept  the 
same,  that  the  voltage  of  the  machine  will  rise  enormously.  Now, 
in  the  Brush  60-light  machine  (3,000  volts)  in  which  the  iron  is 
worked  to  a  very  high  degree  of  saturation,  if  we  separately  ex- 
cite the  field  at  the  normal  current  of  9.6  amperes,  and  take  no 
current  from  the  armature,  the  voltage  of  the  machine  will  be* 
practically  doubled.  In  other  words,  you  will  get  between  5,000 
and  6,000  volts,  notwithstanding  the  fact  that  the  armature  iron 
is  worked  at  a  very  high  point  of  saturation  under  normal  con- 
ditions. 

Mb.  Steinmetz  : — Yes.  But  in  practice  you  will  never  get  so 
high  a  voltage,  because  if  you  break  the  current,  the  current  in 
the  field  disappears  also,  so  you  are  auite  within  the  limits  of 
safety.  The  proportional  increase  of  voltage  is  less  with  a  small 
amount  of  iron  than  with  a  large  amount  of  iron. 

The  Pbesident  : — If  there  is  no  further  discussion,  I  will  call 
for  the  next  paper,  on  the  "  Relative  Advantages  of  Toothed  and 
Smooth  Core  Armatures,''  by  Mr.  Alton  D.  Adams,  of  Wor- 
cester, Massachusetts. 

In  the  absence  of  the  author,  Professor  Anthony  read  the  fol- 
lowing paper : 


^  paptr  ^9*etUed  at  the  Elevtnih  General 
Meeting  e/tke  American  I tutitute  of  Electri' 
cat  Engineers,  PhileuLelpkia^  May  tbth,  181)4, 
President  Houston  in  the  Chair. 


EELATIVE  ADVANTAGES  OF  TOOTHED  AND 
SMOOTH  CORE  ARMATURES. 


BY   ALTON   D.    ADAMS. 

The  merits  of  different  methods  of  construction  in  dynamo 
electric  machinery,  as  in  other  lines,  must  evidently  be  decided 
by  their  comparative  costs,  all  else  being  equal. 

Although  questions  concerning  the  relative  merits  of  toothed 
and  smooth  core  armatures  have  long  been  discussed,  very 
little  seems  to  have  been  written  to  show  whether  actual 
saving  in  cost  may  be  effected  by  one  construction  over  the 
other,  when  employed  to  produce  the  same  results.  The  practice 
of  dynamo  builders  in  this  country,  and  abroad,  embodies  both 
types,  and  the  history  of  the  art  records  many  changes  from 
each  to  the  other.  In  view  of  the  above,  the  inquiry,  whether 
in  the  light  of  present  facts  any  saving  can  be  effected  by  the 
ufte  of  toothed  core  armatures,  seems  of  interest. 

The  limits  of  this  paper  do  not  permit  consideration  of  this 
question  in  connection  with  all  classes  of  electrical  machinery, 
and  its  bearing  on  direct  current  constant  pressure  machines  only^ 
will  be  taken  up. 

The  principal  disadvantages  of  toothed,  compared  with  smooth 
core  armatures,  are  greater  first  cost,  large  change  of  lead,  and 
excessive  sparking,  when  used  with  too  short  air-gaps,  and  the 
production  of  heat  in  pole-pieces ;  their  advantages  are,  that  induc- 
tors are  positively  driven,  large  solid  inductors  protected  from 
eddy  currents,  and  that  a  reduction  may  be  made  in  the  length 
and  consequent  magnetic  resistance  of  the  air-gap.  Change  of 
lead  may  be  fixed  within  any  desired  limits,  and  sparking  abated 
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by  sucli  proportions  of  air-^p  and  teeth,  as  give  them  sufficient 
magnetic  resistance. 

Heat  in  pole-pieces  may  be  reduced  by  their  lamination,  by 
the  use  of  very  narrow  teeth  and  slots,  by  forms  of  teeth  that 
present  a  nearly  continuous  surface  of  iron  to  the  pole-pieces, 
and  still  more,  by  the  use  of  openings  in  core  disks  which  do  not 
cut  through  their  outside  surface,  or  a  continuous  magnetic 
sheath  outside  the  teeth.  For  any  given  form  of  tooth,  the 
heating  of  pole-pieces  is  less,  the  longer  the  air-gap. 

The  mechanical  strength  of  armature  teeth,  as  usually  em- 
ployed, is  far  in  excess  of  that  required  to  hold  inductors  in 
position,  even  under  conditions  of  short-circuit,  and  driving-pins 
inserted  in  the  core,  at  proper  intervals,  are  much  cheaper  and 
take  up  less  valuable  room  on  the  armature  circumference. 

Either  teeth  or  substantial  driving-pins  are,  of  course,  prefer- 
able mechanically  to  the  slender  bits  of  hard  fibre  which  have 
been  much  used,  and  frequently  give  w^ay  under  the  heavy 
strains  to  which  large  generators  are  subject. 

When  large  wires  or  copper  rods  are  used  as  inductors,  their 
protection  from  eddy  currents  is  an  important  matter,  but  proper 
stranding  of  inductors  reduces  the  eddy  loss  in  them,  when  used 
on  smooth  cores,  to  a  very  small  amount,  and  has  the  further  im- 
portant advantage  that  inductors  may  be  bent  into  the  proper 
shape  at  armature  ends,  and  the  joints  necessary  when  rods  are 
used,  avoided.  The  chief  possible  advantage,  then,  to  be  gained 
by  the  use  of  toothed  armatures,  is  through  a  reduction  in  the 
length  of  the  air-gap,  and  the  consequent  reduction  in  the  am- 
pere-turns required  on  field  magnet,  weight  of  copper,  or  energy 
in  winding,  and  the  length  and  weight  of  iron  core.  To  make 
this  advantage  available,  it  must  be  practical  to  use  air-gaps 
shorter  than  are  required  for  insulation,  winding  and  clearance. 

As  is  well  understood,  the  armature  winding  of  a  dynamo  or 
motor,  in  operation,  has  a  magnetizing  action  which  is  measured 
in  ampere-turns  for  a  bipolar  machine,  by  one  quarter  the  pro- 
duct of  all  the  inductors  of  the  armature,  into  the  total  armature 
current.  The  ampere-turns  on  the  armature  evidently  tend  to 
6et  up  a  flow  of  magnetism,  having  a  complete  circuit  through 
the  armature  core,  twice  across  each  air-gap  and  through  the  iron 
of  pole-pieces. 

About  half  the  ampere-turns  furnished  by  the  inductors 
under  pole-pieces,  evidently  act  against  the  field  ampere  turns  in 
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each  air-gap  at  the  polar  tips,  and  the  ratio  between  the  armature 
and  field  ampere-turns  at  this  point,  necessary  to  give  sparkless 
reversal  there,  must  determine  whether  the  required  magnetic 
resistance  be  greater  or  less  than  that  of  an  air-gap  long  enough 
for  insulation,  winding,  and  clearance  with  a  smooth  .  core 
armature. 

As  an  armature  coil  in  an  operating  dynamo  or  motor  passes 
under  the  brush,  the  current  flowing  in  it  must  stop,  and  one  in 
the  opposite  direction  be  set  up ;  and  if  this  action  is  to  be  ac- 
complished without  sparking,  a  sufficient  electromotive  force 
must  be  provided  in  the  coil  while  in  direct  contact  with  the 
brush.  In  the  ordinary  dynamo  or  motor,  magnetism  forced 
across  the  path  of  the  coil,  by  the  field  ampere-turns  expended 
in  air-gap,  must  provide  this  reversing  electromotive  force. 

The  data  of  a  number  of  smooth  core  armature  machines  of 
different  make,  show  ratios  of  field  to  armature  ampere-turns  in 
air-gap,  of  from  about  one  and  one-half  to  one,  to  two  and  one- 
half  to  one,  and  the  writer's  experience  is  that  a  ratio  of  two  to 
one  will  give  sparkless  operation  at  full  load,  with  brushes  set 
ju&t  outside  pole  corners. 

It  is  a  matter  of  common  experience  that  the  ratio  between 
field  and  armature  ampere-turns  in  the  air-gap  may  be  so  reduced, 
even  in  machines  with  smooth  core  armatures,  as  to  require 
excessive  change  of  lead  to  secure  even  approximate  freedom 
from  sparking.  If  it  be  desired  therefore  to  build  machines 
having  an  expenditure  of  field  ampere-turns  in  the  air-gap  not 
much  greater  than  those  of  the  armature,  we  need  not  resort  to 
toothed  cores. 

Take,  for  example,  the  case  of  a  260-ampere  dynamo,  with  120 
inductors  on  its  annature  in  one  layer;  an  air-gap  induction  of 
25,000  lines  per  square  inch,  and  80  per  cent,  of  inductors  under 
the  pole-pieces. 

An  air-gap  of  .45  inch  between  the  armature  core  and  each  pole- 
piece  will  be  sufficient  for  insulation,  winding  and  clearance,  and 
the  field  armature  turns  expended  in  each  air-gap  wiU  therefore 
be  3523,  while  the  armature  ampere-turns,  active  under  each 
pole  tip,  will  be  3,120.  A  considerable  change  of  lead  and 
sparking  can  be  readily  predicted  for  this  machine. 

In  some  types  of  small  machines,  the  room  required  by  insula- 
tion, winding  and  clearance,  makes  the  air-gap  longer  than  neces- 
sary for  sparkless  operation,  and  in  such  machines  the  utility  of 
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teeth  seeme  to  depend  on  their  cost,  compared  with  the  saving  ta 
be  effected  by  their  use. 

As  the  ampere-turns,  furnished  by  the  inductors  under  any 
pole-piece  grow  less,  in  a  machine  of  given  capacity,  when  the 
number  of  poles  is  increased,  very  short  air-gaps  may  be  used,  if 
the  number  of  poles  is  sufficiently  large. 

As,  however,  an  increase  in  the  number  of  poles  usually  makes 
a  machine  of  given  capacity  more  expensive,  the  question  at  once 
comes  up,  to  what  extent  the  number  of  poles  may  be  increased 
without  a  greater  expenditure  than  the  saving  to  be  effected. 

In  large  multipolar  machines  of  four  to  six  poles,  such  as  are 
commonly  used,  the  length  of  air-gap  required  for  sparkless 
operation,  is  considerable,  and  those  who  have  watched  the  de- 
velopment of  these  machines  with  toothed  core  armatures  during 
the  last  four  or  five  years,  have  seen  the  air-gaps  gradually  widen 
until  machines  of  this  character  are  not  hard  to  find,  in  which 
the  copper  inductors  between  the  teeth  could  be  taken  out^ 
wound  outside  the  teeth,  and  still  leave  room  enough  for  good 
clearance.  Additional  mechanical  security,  of  course,  furnishes 
a  considerable  argument  for  the  use  of  teeth  in  very  large  slow 
speed  machines. 

A  number  of  devices  have  been  suggested  from  time  to  time, 
to  enable  toothed  core  armatures  to  be  used  with  short  air-gaps,, 
and  the  consequent  saving  in  iron  and  copper  effected.  No  ma- 
chines with  these  devices,  however,  have  yet  stood  the  test  of 
time  and  competition  with  those  of  ordinary  type,  and  they  have 
yet  to  prove  their  ability  to  produce  results,  as  at  present  attained 
at  a  less  co(*t. 

The  seeming  opportunity  to  save  material  by  the  use  of 
toothed  armatures  is  very  attractive,  and  we  cannot  but  hope  it 
may  some  day  be  practical ;  in  the  light  of  present  knowledge, 
however,  there  seems  little  to  be  gained  by  their  use  in  medium, 
and  large  bipolar  machines. 

Worcei^ter,  Ma.s8,  May  9,  1894. 
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Discussion. 
Mr.  a.  E.  Wienee: — After  enumerating  the  advantaffes  and 
disadvantages  of  toothed  armatures,  the  autnor  comes  tx)  the  con- 
elusion   that  the  chief  advantage  of   toothed   armatures  over 
smooth  ones  is  the  reduction  of  the  length  of  the  air-gap,  and  the 
consequent  decrease  of  the  exciting  power  required.     But  he 
left  out  one  very  important  disadvantage,  namely  the  leakage 
through  the  armature  core,  caused  by  a  portion  of  the  lines 
entering  the  teeth,  and  passing  through  the  armature  without 
cutting  the  conductors.     From  a  large  number  of  machines  I 
have  found  that,  if  otherwise  well  designed,  the  disadvantage  of 
this  core-leakage  just  about  cancels  the  advantage  of  the  air-gap 
reduction ;  for  in  order  to  allow  for  the  waste  armature-field  aue 
to   this  core-leakage,  the  exciting  power  has  to  be  increased  in 
about  the  same  degree,  as  the  lessening  of  the  magnetic  resist- 

TABLE  I. 


RATIO 

OF 

WIDTH  OF  SLOTS 

TO  THEIR  PITCH 

OH  OUTER 
aRCUMFERENCE 

FACTOR  OF  ARMATURE   LEAKAGE               j 

TOOTHED  ARMATURES 

PERFORATED 

STRAIQHT'TIBTH 

PROJEOTINQ  TEETH 

ARMATURES 

0.4 
.45 
.5 
.55 
.6 
.65 
.7 

1.40      to      1.35 
1.35       ••       1.30 
1.30       "      1.25 
1.25       ••      1.20 
1.20       "       1.15 

1.55     to      1.50 
1.50      "      1.45 
1.45      f*      1.40 
1.40      ••      1.35 
1.35      •••      1.30 

1.50      to      1.45 
1.45      "       1.40 
1.40      ••       1.35 
1.35      "       1.30 
1.30      •'       1.'25 

Core  Leakage  in  Toothed  and  Perforated  Armatures. 

ance  of  the  gap  would  otherwise  decrease  it.  The  chief  advan- 
tage claimed  by  the  author,  consequently,  is  thus  only  an  imaginary 
one,  and,  indeed,  there  are  no  such  striking  advantages  in  either 
of  the  two  kinds  of  armatures  as  to  make  any  one  of  them  super- 
ior in  all  cases  over  the  other.  On  the  contrary,  it  is  really  a 
matter  of  choice,  with  reference  to  the  special  application  of  the 
machine  to  be  designed,  whether  to  employ  a  smooth  or  a  toothed 
armature.  In  the  case  of  a  slow  speed  motor,  for  instance,  as 
used  in  single-reduction,  and  in  gearless  street  car  motors,  where 
great  torque  is  wanted,  a  toothed  armature  core  will  offer  better 
advantages,  and  its  somewhat  higher  cost  of  manufacture  has  to 
be  overlooked.  When,  on  the  other  hand,  the  machine  is  to  be 
used  as  a  generator  for  very  low  potential  (electroplating  dyna- 
mos, etc.),  a  smooth  armature  core  is  preferable. 

From  quite  a  number  of  machines  1  have  averaged  the  follow- 


470        ADAMS  ON  TOOTH KD  VS.  SMOOTH  ARMATURES,    [May  1«. 


ing  table  of  armature  leakage  in  toothed,  and  perforated  arma- 
tures, to  appear  in  a  series  of  articles  entitled  "  Practical  Notes 
on  Dvnamo  Calculation,"  and  commenced  in  this  week's  issue  of 
the  Eleetri^al  World: 

The  amount  of  the  core  leakage  depends  upon  the  ratio  of  the 
width  of  the  slots  to  the  width  of  the  teeth,  and,  if  the  annature 
is  otherwise  properly  designed,  will  vary  within  the  limits  shown 
in  Table  I. 

On  account  of  this  core  leakage,  the  lield-densities  obtained  in 
toothed  and  perforated  armatures  are  considerably  smaller  than 
in  smooth  core  machines,  as  can  be  noted  from  the  following 
table  which  gives  the  practical  field  densities  of  various  dyna- 
mos, derived  from  the  data  and  test*  of  about  two  hundred  of 
the  best  modern  dynamos  : 

From  Tables  I  and  II  follows  the  practical  truth  of  ray  alwve 

TABLE  II. 


neldDeiiBltles,  In  Lines  of  Force  per  eqimre  Oenttmeter 


statement,  viz.,  that  about  the  same  exciting  power,  or  same 
number  of  ampere-turns  will  be  required  in  both  types  of  arma- 
tures; for,  also,  the  reduction  of  the  gap  resistance,  if  the  radial 
depth  of  the  armature  core  is  properly  dimensioned,  depends  upon 
the  ratio  of  the  width  of  the  slots  to  the  width  of  the  teeth. 

Mr.  Steinmetz  : — I  was  somewhat  astonished  when  hearing 
this  paper,  in-so-far  as  the  conclusions  drawn  therein.  They  are 
to  a  large  part  just  opposite  to  what  I  concluded  by  theoretical 
reasoning,  and  found  proved  by  practical  experience. 

What  1  intend  to  say,  however,  refers  only  to  larger  machines, 
machines  of  some  hundreds,  of  kilowatts.     With  regard  to  the 

1.  See  Electrical  World,  xxiii,  p.  675.     (May  19,  1894.) 
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superiority  of  the  toothed  armature  in  these  niachinee,  I  may  iirst 
point  to  the  fact  that  neither  in  this  country  nor  in  any  other 
country  is  any  large  power  generator  running  which  will  eomnui- 
tate  sparkless,  from  no  load  to  full  load  and  overload,  without 
shifting  of  the  brushes,  as  it  is  required  for  instance  in  railway 
generators,  w^here,  due  to  the  constant  and  sudden  fluctuations  of 
load,  a  shifting  of  the  brushes  is  impracticable.  On  the  other 
hand,  hundreds  of  thousands  of  horse  power  of  machines  with 
toothed  armatures,  which  will  fulfil  this  condition  of  sparkless 
commutation  without  shifting  of  the  brushes,  are  in  daily  use  in 
this  country  alone.  The  reason  for  this  superiority  is,  that  the 
distortion  of  the  field  in  a  properly  designed  machine  with 
toothed  core  is  very  much  less  than  in  the  machine  with  smooth 
core.  You  can  indeed  by  shifting  the  brushes  get  sparkless  com- 
mutation in  smooth  core  machines  also,  and  you  have  in  smooth 
core  machines  the  decided  advantage  of  lower  self-induction. 

But  if  you  have  to  commutate  without  shifting  the  brushes, 
smooth  core  machines  are  out  of  competition. 

The  advantage  of  the  toothed  armature  is  not  so  much  the 
lesser  ampere-turns  consumed  in  the  gap.  In  larger  machines 
you  cannot  do  anything  like  what  is  proposed  here,  to  use  .45  of 
an  inch  as  total  clearance  from  iron  to  iron.  This  would  give  a 
clearance  of  about  ^  of  an  inch  from  the  binding  wires  of  the 
armature  to  the  iron  of  the  field  poles,  which  may  be  all  right 
for  a  small  machine,  but  not  for  a  large  power  generator.  In 
such  a  machine,  with  toothed  core,  the  clearance  between  arma- 
ture and  field  is  determined  by  mechanical  reasons  only,  and  is 
from  i  inch  to  i  inch  from  the  head  of  the  armature  teeth  to  the 
field  poles. 

The  foremost  feature  of  the  modem  toothed  core  power  gene- 
rator is  the  lesser  distortion  of  the  field,  as  the  followmg  diagram 
will  show. 

Let,  in  Fig.  1,  be  represented  the  m.  m.  f.  diagram  of  a  smooth 
core  machine.  The  held  pole  p  and  the  armature  c  with  the 
armature  conductors  are  shown  in  development  in  drawn  lines. 
The  M.  M.  F.  exerted  upon  the  air^ap  by  the  field  spools  is 
represented  by  the  dotted  line  f.  Tne  m.  m.  f.  exerted  upon 
the  air-gap  by  the  current  in  the  armature  conductors  (armature 
reaction)  is  represented  by  the  dotted  line  a,  which  is  posi- 
tive at  the  trailing,  negative  at  the  leading  pole-horn,  in  a  gene- 
rator. Thus  the  total  or  reeultant  m.  m.  f.  acting  upon  the 
air-gap  is  represented  by  the  dotted  line  t,  and  proportional 
thereto,  in  a  smooth  core  machine,  is  the  magnetic  density  in 
the  air-gap.  As  seen,  the  magnetic  gap  density  is  very  much 
less  at  the  leading  pole-horn,  where  it  is  needed  for  sparkless 
commutation,  than  at  the  trailing  horn,  where  it  is  not  needed. 
At  the  same  time  the  field  has  shifted  considerably. 

Now  consider  the  toothed  core  machine,  in  Fig.  2.     If  the 
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total  effective  gap,  that  is  the  space  between  pole-face  ondfoof 
of  slots,  the  same  m.  m.  f.,  f,  is  exerted  by  the  field  spools — ^that 
is,  the  tooth  density  is  appropriately  high — the  total  or  resultant 
M.  M.  F.,  T,  is  again  the  same  as  with  the  smooth  core  in  Fig.  1. 
But  here  the  magnetic  density  b  is  not  proportional  to  the  m.  m.  f. 
T,  but  B  varies  very  much  less  than  f,  due  to  the  effect  of  mag- 
netic saturation,  and  thus  the  gap  density  is  very  much  more  uni- 
form, as  shown  by  dotted  line  b  in  Fig.  2,  and  the  field  has 
-shifted  very  little. "  Thus  the  machine  in  Fig.  2  will  commutate 
«parkles8  from  no  load  to  full  load,  without  shifting  the  brushes, 
while  machine.  Fig.  1,  will  spark  furiously  if  the  brushes  are  not 
shifted  with  varving  load. 

On  the  other  hand,  due  to  the  small  self-induction  of  the  arma- 
ture conductors,  the  smooth  core  machine  is  very  desirable  for 
lighting  machines  where  very  large  currents  have  to  be  commu- 
tated  at  low  voltage  between  the  commutator  bars,  and  the  load 
does  not  fluctuate  suddenly  by  hundreds  or  thousands  of  amperes. 

But  for  railway  generators,  where  you  have  to  use  larger 
voltage  between  commutator  bars,  and  where  you  have  to  leave 
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Fig.  1. 


Fig.  2. 


the  brushes  in  the  same  position  under  all  loads,  there  you  mit^t 
use  the  toothed  armature.  You  cannot  make  a  railway  generator 
work  decently  with  a  smooth  core. 

Mr.  Gano  S.  Dunn  : — It  is  true  that  there  must  be  a  definite 
magnetic  resistance  in  the  gap  to  enable  the  machine  to  operate 
sparklessly,  but  if  vou  will  consider  the  smooth  and  the  toothed 
armatures,  you  will  find  that  with  the  former  the  reluctance  of 
the  air-gap  is  constant,  and  with  the  latter  it  increases  as  a  result 
of  armature  reaction,  with  load.  This  is  due  to  the  variable  re- 
luctance of  the  iron  which  constitutes  the  teeth,  and  which  at 
saturation  approaches  air,  giving  a  low  resistance  and  a  high  re- 
sistance air-gap  for  light  and  full  loads  respectively.  To  put  it  a 
little  clearer,  tne  effect  is  similar  to  the  case  of  a  smooth  arma- 
ture run  with  an  air-gap  which  as  the  load  increases,  lengthens, 
and  thereby  preserves  sparkless  commutation.  For  the  above 
reasons  a  tootlied  armature  air-gap  can  have  a  lower  average 
reluctance  than  that  of  a  smooth  armature.  The  reluctance  of 
the  latter  is  constant  and  always  at  its  maximum  value. 

In  small  machines  however,  the  above  considerations  do  not 
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apply,  because  sparklesBDess  need  not  be  dependent  upon  a  fringe 
at  the  pole  tip  to  reverse  the  current  in  the  coil.  Machines  may 
be  lighter  and  neater  which  depend  on  other  means  for  sparkless 
commutation.  If  for  instance  we  cause  the  resistance  of  the 
carbon  brushes  to  make  the  current  reversal,  then  we  can  greatly 
diminish  the  reluctance  of  our  air-gap  and  use  a  proportionately 
smaller  field  current  and  weight  of  copper,  and  secure  important 
advantages  in  efBciency  and  lightness. 

Another  point  which  at  present  is  not  of  so  much  importance, 
is  that  with  dynamotors  or  direct  current  transformers,  there  is 
practically  no  armature  reaction  or  tendency  to  spark,  and  con- 
sequently no  necessity  for  reluctance  in  the  air-gap.  The 
toothed  armature  allows  us  to  take  advantage  of  these  conditions 
in  a  manner  impossible  with  an  armature  which  of  necessity  de- 
mands a  high  reluctance  air-gap. 

With  regard  to  mechanical  advantages,  the  toothed  armature 
with  wires  eml>edded  and  held  firmly  in  slots,  is  so  superior  to 
the  smooth  armature  wound  with  wire  held  on  by  various  devices, 
that  even  were  the  toothed  armature  more  expensive,  which  I  am 
not  ready  to  admit,  it  would  be  preferable. 

Mb.  Wm.  Stanley  : — I  would  like  to  ask  the  last  speaker  if 
he  does  not  consider  that  the  extra  self-induction  due  to  the 
armature  teeth,  especially  in  the  larger  machines,  is  the  cause  of 
the  sparking  that  we  see  on  the  street  railway  generators,  and 
that  if  it  were  possible  to  arrange  the  wires  on  the  circumference 
of  the  machine — I  do  not  say  that  it  is  mechanical  to  do  so — 
but  if  it  were  possible  to  do  it,  if  the  machine  would  not  be  more 
sparkless  ?  Does  not  the  self-induction  of  the  buried  wire  in 
the  iron  core  increase  the  sparking  from  one  commutator  bar  to 
another  ? 

Mr.  Dunn  : — There  is  no  question  that  burying  the  wire  in- 
creases the  self-induction,  and  if  the  openina;s  at  the  top  of  the 
slot  are  too  narrow,  or  if  as  in  the  case  of  the  Wenstrom  arma- 
ture, there  is  no  opening,  this  is  a  \QYy  serious  defect,  but  the 
openings  can  be  so  proportioned  that  the  increase  of  self-induc- 
tion while  a  disadvantage,  is  not  serious. 

Mr.  Stanley: — Is  it  not  the  principal  disadvantage? 

Mr.  Dunn:— Yes,  I  should  consider  that  it  was.  The  paper 
alleges  that  the  txx)thed  armature  requires  more  material ;  that 
this  is  true,  generally  speaking,  I  do  not  agree.  I  think  the 
self-induction  is  the  greatest  disadvantage. 

Mr.  Steinmetz  : — I  do  not  think  that  the  representation  of  the 
toothed  core  by  a  gap,  which  widens  with  the  increase  of  a  load 
quite  meets  the  point.  What  1  wanted  to  show  by  the  diagram 
is,  that  the  distribution  of  the  magnetic  density  at  the  gap  at  full 
load  is  not  proportional  to  the  distribution  of  the  resultant  m.  m.  f., 
but  is  very  much  more  uniform,  due  to  the  effect  of  saturation, 
and  thereiore  the  field  does  not  shift  seriously,  and  the  brushes 
can  be  left  in  the  same  position  at  all  loads,  in  the  fringe  of  the 
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reversed  field,  which  is  required  to  overcome  tiie  self-induction 
of  the  current  in  tlie  coil  which  is  being  coram utated.  For  if 
you  have  to  reverse  hundreds  of  amperes,  hacked  up  by  a  large 
E.  M.  F.  of  self-induction,  you  have  to  have  forced  commutation. 

It  is  to  get  rid  of  the  shifting  of  the  iield,  due  to  the  armature 
reaction,  which  really  constitutes  the  advantage  of  the  toothed 
armature,  which  enables  us  to  get  a  very  much  liigher  eificiency 
with  the  toothed  armature  than  with  the  smooth  core. 

Mr.  C.  N.  Black  : — There  is  another  point  I  would  like  to 
make  and  that  is,  it  seems  to  me  practically  impossible  to  build 
dynamos  of  large  units,  such  as  we  are  building  now  for  railway 
work,  and  use  a  smooth  armature,  on  account  of  the  great  loe^es 
we  would  get  from  eddy  currents  set  up  in  the  conductors  them- 
selves. The  size  of  the  conductors  is  such,  that  if  they  are  made 
solid,  that  loss  could  not  be  neglected  and  would  be  a  source  of  a 
good  deal  of  heat,  at  the  same  time  decreasing  the  efficiency  of 
the  machine  quite  materially.  If  we  laminate  the  conductor©  it 
makes  a  very  difficult  construction,  in  fact,  almost  impracticable. 
There  is  one  other  point  that  I  do  not  think  has  been  mentioned, 
and  that  is  in  series  motors,  where  we  use  a  toothed  armature,  we 
get  a  much  more  constant  speed.  At  light  loads,  the  teeth 
being  worked  at  a  low  point  of  magnetization,  offer  but  little 
reluctance  to  the  flux  through  the  armature,  while  at  heavy  loads 
the  teeth  become  saturated,  and  in  consequence  add  a  consider- 
able reluctance  to  the  magnetic  circuit,  thereby  cutting  down  the 
induction  from  what  it  would  be  if  increased  in  proportion  to 
the  increased  number  of  ampere-turns  on  the  field,  consequently 
we  get  a  motor  that  is  much  nearer  self-regulating  than  one  witli 
the  smooth  core  armature. 

Mr.  a.  E.  Kennelly  : — The  point  has  not  been  brought  out,  I 
think,  that  if  you  have  a  toothed  armature,  you  can  much  more 
readily  ventilate  the  armature  from  within,  whereby  you  can 
carry  off  the  heat  from  the  surface  far  more  efficiently  than  if 
tlie  armature  is  entirely  covered  by  wire. 

Mr.  Oberlin  Smith  : — I  would  like  to  hear  an  expression  of 
opinion  as  to  the  relative  cost  of  a  toothless  ring  and  that  toothed 
ring. 

Mr.  Steinmetz: — I  think  the  question  of  ventilation  is  not 
such  a  drawback  against  the  smooth  core  machine,  because  the 
modern  design  of  fighting  machines,  which  are  smooth  cores  for 
the  commutation  of  very  large  currents,  are  ventilated  also  by 
ventilating  spaces  between  the  armature  conductors  and  even  the 
twisting  of  the  conductors  is  not  so  difficult,  but  is  done  in 
smooth  core  armatures.  I  have  some  machines  being  built  which 
will  have  these  twisted  conductors,  and  which  will  exclude  eddy 
currents  almost  perfectly — smooth  core  machines  for  low  voltage, 
of  400  kilowatts.  With  regard  to  the  relative  cost  of  both  types 
of  machines,  it  is  difficult  to  state  it,  because  they  are  different 
types  of  machines  for  different  purposes,  and  thus  cannot  be 
compared  properly. 
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Smooth  arinature8  are  built  for  lighting  where  the  toDthed 
armature  does  not  offer  any  advantages,  where  you  have  very 
low  speed,  large  conductors  and  low  voltage  from  bar  to  bar, 
while  the  ironclad  is  perfect  as  a  high  voltage  power  generator. 
Thus  you  have  never  built  two  machines,  one  smooth  core  and  one 
ironclad,  for  the  same  purpose  and  of  the  same  dimensions.  In 
general  I  am  of  the  opinion  that  the  toothed  armature  is  the 
cheaper  one. 

[The  meeting  then  adjourned  for  the  day.] 

In  the  evening  the  Annual  Dinner  took  place  at  the  Hotel 
Metropole,  at  which  76  members  and  guests  were  present. 
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INSTRUMENTS. 
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(J)  Ak  Improved  Direct  Reading  Potentiometer. 
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During  tlie  early  days  of  applied  electricity,  yet  easily  within 
the  memory  of  even  the  youngest  among  us,  so  rapid  has  been 
its  development,  electrical  devices  in  general  were,  as  a  matter 
of  course,  but  very  poor  affairs  as  compared  with  those  of  the 
present.  One  machine  was  a  dynamo  if  it  would  but  produce 
current  no  matter  how  fluctuating,  nor  at  what  cost  of  internal 
energy  consumption  ;  another  a  motor  if  one  of  its  parts  would 
but  rotate  when  supplied  with  electrical  energy  regardless  of 
the  rate  of  this  rotation  or  whether  constant  or  not  under  condi- 
tions of  variable  load.  Having  such  uncertain  quantities  to  deal 
with,  electrical  measuring  instruments  were,  similarly,  but  few  in 
number  and  of  the  crudest  possible  construction — not  measuring 
instruments  at  all  in  any  true  sense  of  the  word,  but  merely  in- 
dicators, and  very  poor  ones  at  that.  An  instrument  was  sup- 
posed to  be  a  non-essential,  a  decoration  for  fancy  dynamo  rooms, 
and  perfectly  equivalented  by  an  incandescent  lamp  for  all  prac- 
tical purposes.  Indeed,  this  idea  has  not  yet  entirely  disappeared, 
and  we  may  still  occasionally  find  plants  running  with  nothing 
more  than  the  pilot  lamp  to  go  by. 

In  general,  however,  all  this  is  now  changed.  Business  com- 
petition and  the  popular  demand  for  electricity  has  caused  rapid 
and  steady  improvement  all  along  the  line  until  now  we  have 
much  time  and  study  devoted  to  the  problem  of  how  to  raise 
machine  efliciencies  a  fraction  of  one  per  cent,  or  so,  how  to 
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build  armatures  so  as  to  secure  more  perfect  ventilation  and  con- 
sequent reduction  of  internal  heating,  how  to  produce  as  good 
results  with  a  little  less  iron,  a  little  less  wire,  a  little  less  wear, 
etc.  Losses  in  joints,  switches,  etc.,  hitherto  so  small  as  to  have 
been  neglected  must  be  guarded  against  and,  if  present,  reduced  to 
the  smallest  possible  amount.  The  whole  problem  of  manufac- 
ture and  installation  has  become  one  of  the  gaining  of  petty 
victories. 

All  this  has  reacted  upon  the  instrument  maker.  In  order 
to  measure  these  small  effects,  very  perfect  and  accurate  instru- 
ments are  necessary,  and  great  improvements  have  been  made 
in  this  direction.  The  commercial  measuring  instrument  of 
to-day  is,  indeed,  an  entirely  new  appearance,  and  demands 
exactly  the  same  application  of  mechanical  principles  and  scien- 
tific methods  as  is  demmded  in  the  construction  of  bridges  and 
steam  engines. 

The  necessity  of  a  complete  outfit  of  proper  measuring  instru- 
ments, voltmeters,  ammeters,  ground  detectors,  etc., — as  a  factor 
of  economical  operation  in  all  kinds  of  lighting  and  power 
systems,  is  now  almost  universally  conceded,  and  we  find  such  in- 
struments all  over  the  country  in  vast  numbers.  In  the  stations 
we  have  the  station  instruments ;  for  general  all  round  testing 
work,  measuring  drops,  joint  and  switch  resistances  etc.,  the 
portable  instrument  is  useful. 

As  as  at  present  made,  all  of  these  various  instruments  have  in 
them  dangerous  elements  of  change.  If  the  instrument  has  a 
permanent  magnet,  then  the  strength  of  its  magnet  is  liable  to 
be  seriously  affected  in  time  by  the  perpetual  jars  and  vibrations 
to  which  it  is  subjected ;  proximity  to  strong  fields,  especially  if 
variable,  will  tend  to  produce  similar  results.  Any  instrument 
containing  springs  is  also  likely  to  vary  in  its  indications  in  time 
through  slow  changes  of  elasticity  in  the  springs  be  they  ever  so 
carefully  gauged.  A  hot  wire  instrument  may  change  on  account 
of  the  change  in  radiating  quality  of  the  surface  of  the  working 
wire  produced  by  its  slow  oxidation ;  molecular  changes  in  the 
wire  are  also  liable  to  go  on  when  continually  heated,  since  our 
experience  with  standard  resistances  shows  us  that  changes  of 
this  kind  do  go  on  very  slowly  even  with  wires  kept  at  normal 
temperatures.  And  so  of  any  type  of  commercial  instrument 
which  may  be  mentioned — none  of  them  can  be  absolutely 
trusted  not  to  change. 
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This  being  sO;  we  maet,  therefore,  frequently  examine  these  vari- 
ous instruments  and  determine  if  such  changes  have  taken  place, 
and,  if  so,  what  has  been  their  magnitude.  As  a  rule  this  is  done 
at  present  not  by  the  owner  of  the  instrument,  but  by  the  instru- 
ment maker,  the  instrument  being  taken  down  and  sent  back  to 
the  maker  from  time  to  time  for  recalibration,  or,  if  it  is  not, 
it  should  be.  This,  in  itself,  is  expensive — express  charges 
must  be  paid — time  must  be  spent  in  corres|>ondence — often,  if 
not  always,  a  charge  is  made  for  the  work  of  restandardizing.  Not 
only  this,  but  there  is  no  surety  whatever  that  these  restandardized 
instruments  may  not  again  ^'get  out"  while  on  their  way  back 
to  the  owner,  as  the  sharp,  ^^  high  frequency  "  jars  of  transit  are 
known  to  be  very  hard  upon  magnets  and  fine  mechanism. 

Consideration  of  the  above,  long  ago  convinced  me  that  this 
restandardizing  should  be  done  by  the  stations  themselves  in  all 
cases  except  when  quite  small,  and  that  some  arrangement  of 
apparatus  should  be  devised  which  would  make  the  utilization  of 
some  absolute  standard  method  inexpensive  and  convenient,  and 
possible  to  any  one  of  ordinary  intelligence.  After  a  good  deal 
of  thought  and  personal  experience,  I  became  convinced  that  the 
only  method  which  could  be  made  to  at  all  satisfy  these  require- 
ments was  the  potentiometer  method.  Be*fore  speaking  specific- 
ally of  the  improved  apparatus  which  I  have  devised  for  the 
commercial  utilization  of  this  method  I  wish  to  discuss  briefly  the 
potentiometer  method  in  general  and  to  outline  what  I  consider 
its  advantages  over  all  other  methods. 

The  Potentiombtbb  Method.  Broadly,  the  potentiometer 
method  consists  in  opposing  some  known  proportion  of  the  drop 
of  an  unknown  b.  m.  f.  through  a  given  resistance  to  a  definitely 
known  e.  m.  f.,  the  proportion  being  so  chosen  that  no  current  is 
produced  by  the  latter  known  source.  This  condition  being 
established,  an  equation  involving  the  unknown  b.  m.  f.  as  the 
only  unknown  quantity  immediately  obtains.  The  method  in 
general  is  fairly  well  known,  being  variously  called  the  standard 
cell  method,  the  Poggendorf  or  Rayleigh-Poggendorf  compen- 
sation method,  the  Sayleigh  method,  etc.  It  is  not  by  any  means 
so  widely  known,  however,  as  it  deserves  to  be. 

Diagram matically  the  method  is  represented  in  Fig.  1.  Here 
A  B  is  a  wire  of  high  resistance  and  any  desired  length  stretched 
between  two  fixed  points.  Bs  is  the  battery  whose  unknown  e. 
K.  F.  we  desire  to  know,  supposed  higher  than  that  of  s.  c.  which 
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is  a  known  standard  cell.  In  series  with  s.  o.  is  a  galvanometer, 
Oa.  B*  and  s.  c.  are  so  placed  as  to  oppose  one  another  so  that  when 
the  circuits  are  closed  a  position,  s,  of  the  slider  apon  the  wire 
may  be  fonnd  such  that  the  fall  of  e.  m.  f.  of  Ba  between  s  and  b 
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will  exactly  equal  the  e.  m.  f.  of  s.  c.     There  will   then   be  no 
deflection  of  Oa,  and  we  will  have 


E, 


s.c. 
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an  equation  involving  only  a  known  b.  m.  f.,  and  the  ratio  of 
two  lengths.  The  resistance  a  b  should,  of  course,  be  chosen 
so  large  that  the  internal  instance  of  Ba  is  negligible  as  compared 
with  it.  In  practice  this  form  of  the  method  is  commonly  known 
as  the  Eayleigh  or  Bayleigh-Poggendorf  compensation  method ; 
and  instead  of  a  straight  wire,  a  b,  this  is  equivalented  by  two 
resistance  boxes  of  about  5,000  ohms  each.  This  arrangement  is 
shown  in  Fig.  2.  Plugs  are  removed  in  r  and  r^  so  as  to  have 
in  all  a  total  of,  say,  5,000  ohms  out.     This  total  is  maintained 
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Fig.  2. 

constant,  whatever  pings  are  taken  out  of  one  box,  being  inserted 

in   another.    When  a  balance  is  secured,   the  resistance  in  the 

two  boxes  must  be  counted  up  and  then  equation  (1)  applied.^ 

1.  The  pilvanometer,  in  both  Figs.  2  and  4,  has  inadvertently  been  omitted; 
it  should,  m  both  instances,  be  placed  in  the  **  derived  "  circuit  similarly  to  fig.  1 . 
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This  arra'Qgemenent  of  the  method  is  very  suitable  for  making 
comparisons  of  standard  cells,  Babeinfr  merely  any  form  of  con- 
stant battery.    A  balance  having  been  secured  for  s.  c.  it  is  then 
removed  and  another  standard  cell,  s^.  Oj.,  substituted  ;  a  new  bal- 
ance is  then  gotten.      By  properly  choosing  sa  and  making  the 
total  of  R  +  b'  10,000  ohms,  we  may  cause  each  ohm  difference 
in    balance  between  different  cellfi,  to  signify  a  difference  of^ 
O.Oi  per  cent.      If  a  properly  sensitive  galvanometer  be  used^ 
a  variation  of  one  ohm  from  balance  is  very  easily  seen.      Thi& 
arrangement  is  also  very  accurate,  and  easily  used  in  determining 
the  temperature  coefficient  of  a  cell,  the  cell  being  surrounded 
by  a  water  bath,  and  balance  being  obtained  for  different  temper- 
atures. 

A  modification  of  this  method  was  proposed  some  years  ago 
by  Dr.  Fleming,  and  is  shown  in  Fig.  3.^  It  ie,  as  is  evident,  ex- 
actly the  same  as  Fig.  1,  save  that  a  resifrtance,  r,  is  inserted  ia 
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Fig.  3. 


the  main  circuit.  Here  sa,  instead  of  being  the  e.  m.  f.  to  bemeae- 
ured,  is  merely  any  fairly  constant  source,  such  as  e,  y.,  a  cell  of 
storage  battery.  The  wire,  a  b,  is  stretched  along  a  scale  uni- 
formly divided  into,  say,  150  parts,  100  of  which  are  then  made 
to  correspond  to  a  fall  of  B»  of  one  volt  by  adjusting  s  to  a  po- 
sition corresponding  to  balance,  if  this  assumption  were  true,  and 
then  making  it  true  by  an  adjustment  of  the  variable  resistance^ 
R.  If  A  B  is  80  great  that  the  current  produced  by  b*  is  small 
compared  with  its  normal  discharge  rate,  then  the  difference  of 
1.5  volts  between  a  and  b  may  be  assumed  constant  for  a  con- 
siderable period,  especially  as  the  circuits  should  be  closed  only 
long  enough  for  balance.  Any  inconstancy  may  be  immediately 
detected  by  again  placing  s  at  the  balance  point.     Balance  should 

1.  See  "Short  Lectures  to  Electrical  Artisans,"  by  J.  A.  Flemiiiff;  also 
*' Electrical  Measuring  Instniinents,"  by  Jas.  Swinburne-Proceedings.  Institu- 
tion of  Civil  Engineers,  Vol.  C.X.,  Ses-sion  1891-92,  Part  IV. 
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pereiBt  withoat  farther  ad jastnient  of  b.  To  measare  any  unknown 
».  M.  F.,  now,  8.  c.  issimply  removed,  and  the  unknown  sonrce  8ub- 
Btitnted  for  it.  If  this  source  is  less  than  1.5  volts  then  a  position  of 
8  will  be  found,  at  which  there  will  be  balance,  and  the  number  of 
parts  between  s  and  b  will  give  the  e.  m.  f.  directly  by  pointing 
ofE  two  places  of  decimals.  Should  the  e.  m.  f.  be  higher  than 
1.5  volts,  then  it  may  be  placed  in  series  with  a  high  resistance, 
and  the  e.  m.  f.  over  a  portion  only  of  this  resistance  measured. 
The  two  place  reading  of  s  multiplied  by 

whole  of  high  resistance 

portion  of  high  resistance  in  derived  circuit 

will  again  be  the  unknown  e.  m.  f  desired. 

Not  only  may  we  thus  measure  s.  m.  p.  but,  by  arranging  as  in 

Fig.  4,  we  may  also  measure  ourrerU  by  this  method  if  we  know 

the  resistance  of  shunt  s.  Similarly,  we  may  measure  resistances  by 

comparing  the  fall  of  e.  m.  f.  around  a  known  resistance  with  that 
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Fig.  4. 
around  the  unknown  resistance  placed  in  series  with  it,  a  con- 
stant current  being  maintained  through  both. 

The  advantages  of  the  potentiometer  are : 

(1.)  It  is  a  zero  method;  a  calibrated  galvanometer  is,  there- 
fore,  not  necessary. 

(2.)  Accuracy  depends  only  upon  a  standard  cell  and  a  standard 
resistance,  and  results  obtained  by  the  best  authorities  over  ^  num- 
ber of  years,  show  that  both  of  these  may  be  relied  upon  within 
extremely  small  limits  of  error,  with  proper  treatment,  for  a  prac- 
tically indefinite  time. 

(3.)  It  requires  but  simple  apparatus,  always  obtainable,  and 
ordinary  care.  It  can  be  used  without  inconvenience  in  regions 
of  great  mechanical  instability  and  of  intense  and  variable  mag- 
netic fields. 
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OTHER  METHODS  OP  STANDARDIZING. 
The  advantages  of  the  potentiometer  method  can,  perhaps,  be  better  appre- 
ciated by  briefly  recapitulating  the  other  possible  methods.     These  are  but  few 
in  number.    We  hare : 

The  Direct  Instrumental  Method. 
Here  the  values  must  be  obtained  by  direct  measurement  with  instruments 
"which  do  not  contain  elements  of  change.     About  the  only  instruments  satis- 
fying this  condition  are  the  tangent  galvanometer  in  some  form  or  other,  and 
the  Thomson  balance. 

the  tangent  oalvanombtek. 
Di8adi}arUage$:—{8k)  The  instrument  must  be  very  accurately  constructed  and 
is  hence  costly. 

(b)  To  secure  accuracy,  the  instrument  must  have  a  suspended  system  which 
is  liable  to  continual  break-down,  and  is  difficult  of  repair  except  by  an  expert. 

(c)  Accuracy  depends  upon  the  constancy  of  h,  the  horizontal  magnetic  com- 
ponent; this  depends  upon  local  conditions  and  varies  with  change  in  position 
of  neighboring  magnetic  materials  and  with  the  temperature  of  fixed  masses  of 
such  metals. 

(d)  Indications  are  greatly  affected  by  variable  curi*cnts  or  magnetic  fields  in 
the  vicinity. 

(e)  Mechanical  stability  must  be  had ;  hence  such  an  instrument  is  difficult  to 
use  in  stations  or  localities  where  mechanical  vibration  is  large. 

(f)  The  instrument  must  be  very  carefully  adjusted  in  the  first  instance— this 
requires  considerable  time  and  skill.  It  must,  therefore,  be  permanerUly  set  op 
in  combination  with  the  observing  telesco{)e  or  lamp  and  scale,  in  a  room  or 
part  of  a  room  which  must  not  be  used  for  any  other  purpose  in  order  that  the 
outfit  may  not  be  disturbed. 

the   THOMSON   BALANCE. 

This  instrument  is  much  su]>Grior  to  the  tangent  galvanometer,  requiring 
much  less  skill  in  use  and  practically  no  adjustment.  It  is  not  affected  by  being 
moved  about  from  place  to  place  if  carefully  liandled,  and  is  not  appreciably 
varied  by  magnetic  changes  of  small  amount. 

Disadvantages: — (a)  It  is  affected  by  fluctuating  currents  or  fields  of  large 
value  if  very  near. 

(b)  A  large  number  of  instruments  is  required  to  cover  very  much  of  a  range 
^f  measurement,  any  one  instrument  only  measuring  within  limits  of  1  to  100 
4W  «.  ^.  ,  from  1  to  100  centi-amperes,  1  t-o  100  amperes,  etc. 

The  Voltameter  Method. 

This  depends  upon  the  maintenance  of  a  steady  current  for  at  least  30 
minutes  or  a  half  hour  through  an  electrolytic  solution,  usually  silver  or  copper, 
«nd  an  accurate  weighing  of  the  amount  of  decomposition  thus  produced. 

Disadwmtages'. — (a)  It  is  slow,  but  one  value  being  obtainable  in  this  time. 

(b)  It  requires  considerable  skQI  in  making  accurate  weighings  with  a  delicate 
balance;  also  in  adjusting  the  current  values  used  to  the  area  of  the  electrodes, 
since  otherwise  the  amount  of  decomposition  is  irregular  and  unreliable. 
The  Vienna  Shunt  Method. 

This  is  an  indirect  method  in  which  the  current  is  obtained  by  measuring  the 
IE.  M.  F.  produced  at  the  terminals  of  a  suitable  shunt  by  its  steady  flow.  The 
shunt  resistance  must,  of  course,  be  known. 
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Disadvantages: —{tk)  The  e.  h.  p. 's  to  be  thus  measured  are  usually  quite  small 
and  must  be  measured  by  a  very  sensitive  galvanometer.  This  galvanometer 
must  itself  be  calibrated,  a  work  requiring  considerable  time  and  skill.  This 
calibration,  once  obtained,  cannot  be  depended  upon  from  day  to  day  owing  to 
the  fact  that  the  slightest  change  in  level  in  the  instrument,  irregular  loss  of 
magnetism  in  the  needle,  if  a  Thomson  galvanometer,  or  of  torsional  rigidity  in 
the  suspension,  if  a  D'Arsonval  galvanometer,  will  alter  it.  In  a  Thomson 
galvanometer  the  indications  are  greatly  thrown  out  by  even  very  small  changes 
in  the  local  magnetic  field  such  as  may  be  produced  by  keys  or  a  knife  upon  the 
person,  or  active  circuits  even  when  some  considerable  distance  away. 

(b)  Great  mechanical  stability  is  usually  required  in  order  that  observations 
of  the  reflected  beam  of  light  may  be  possible. 

(c)  Thermal  e.  m.  F.'sare  met  with  which  are  tedious  to  eliminate  or  allow  for. 

{h)  An  Improved  Direct  Reading  PoTEN'noMRTER 

This  instrument,  invented  by  the  writer  and  ilhistrated  in  Fig. 
5,  is  capable  of  being  need  for  measurements  of  voltage  from  0 
up  to  1,500  volts,  and  of  current  from  0  up  to  any  required  upper 
limit,  with  a  maximum  error  of  not  over  V(r  P©**  cent.     It  is  based 


Fig.  5. 


upon  the  form  of  potentiometer  originally  suggested  by  Dr. 
Fleming,  which  is  shown  in  diagram  in  Fig.  3.  Some  good  sug- 
gestions were  also  obtained  from  the  improved  form  of  Mr. 
Crompton.^ 

1.  See  Blectririan,  (Lon.)  May  12.  1893,  p.  3*1 
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A  diagram  of  the  arrangement  of  circaits  in  my 
improved  form  of  apparataa  is  shown  in  Fig.  6.  The 
wire  A  B  of  Fig.  3  is  here  eqnivalented  bj  three  sets  of  coils 
marked  respectively  q,  m,  and  s.  The  regulating  resistance 
(b  of  Fig.  3)  is  made  ap  of  two  parts,  one  resistance,  Bq^ 
consisting  of  coils,  and  the  other,  Rt,  being  made  up  of  a  bare  wire 
of  resistance  equal  to  one  of  the  coils  of  Rq.  This  wire  is  laid 
back  and  forth  upon  about  350^  of  an  ebonite  cylinder  and  has  a 
fixed  brush,  p,  so  arranged  with  reference  to  it  that  p  short-cir- 
cuits more  or  less  all  of  the  v's  simultaneously,  thus  giving  a 
large  range  of  variation  for  a  very  small  angle  of  rotation.  The 
quick  and  rough  regulation  is  effected  by  Bq.  while  the  finer  ad- 
justment is  obtained  by  Bt.^  The  two  series  of  coils,  m  and  s,  have 
at  their  centers  two  switches  which  are  in  series  with  the  galvanom- 
eter and  unknown  b.  m.  f.;  moving  these  switches  over  the  coils 
is  exactly  the  same  as  shifting  the  points  s  and  b  of  the  derived 
circuit  in  Fig.  3.  m  is  the  medium  movement,  each  coil  being  ,^ 
of  the  entire  resistance  between  a  and  b,  while  s  is  the  very  slow 
movement,  each  of  the  nine  coils  in  s  being  equal  to  -^  of  the 
resistance  of  one  of  the  coils  of  h.  In  order  to  get  a  rate  of  separa- 
tion of  the  two  derived  circuit  terminals  by  steps  of 
10  times  the  value  of  a  coil  of  m,  a  third  series  of  resistances,  q,  ia 
provided.  This  is  a  rather  peculiarly  arranged  affair,  its  function 
being  to  take  out  resistance  from  between  the  derived  circuit  ter* 
minals  and  place  it  outside,  or  vice  versa^  the  total  resistance 
between  a  and  b  remaining  always  constant.  The  construction 
of  this  arrangement  is  shown  in  Fig.  8 ;  here  merely  the  diagram 
of  circuits  can  be  depicted.  It  is  evident  that  this  change  of  re- 
sistance from  one  part  of  the  circuit  to  the  other  accomplishes 
exactly  the  same  result  as  is  obtained  by  m  and  s,  viz.,  the  separa- 
tion or  bringing  together  of  the  two  derived  circuit  terminals. 
We  have,  therefore,  the  entire^resistance,  a  b,  divided  into  1,500 
parts,  and  the  derived  circuit  terminals  separable  along  this  resist- 
ance by  steps  of  100  parts,  using  q;  ten  partc>,  using  m;  and  single 
parts,  using  s.  This  means  an  ability  to  set  to  1  part  in  1,500  or 
to  tV  P^r  cent. 

In  order  to  make  the  measurement  of  any  unknown  potential 
convenient  and  quick,  a  suitable  arrangement  of  switches  is  pro- 
vided.    In  the  lower  part  of  the  diagram,  b  is  a  hifl^h  resistance 

1.  Instead  of  this  form  of  regulator  I  have  thought  of  substituting  some  form 
of  carbon  or  CTaphite  resistance  since  all  that  is  needed  is  invariability  for  ik 
certain  period.    E.  G.  W< 
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connected  between  two  points  f  and  o.  To  f  is  permanently 
joined  one  derived  circnit  terminal.  The  other  derived  terminal 
passes,  by  way  of  a  key,  k',  throa^h  a  galvanometer  and  thence  to 
a  switch,  w,  which  plays  over  a  namber  of  contact  points  con- 
nected as  shown.  The  two  points,  s.  o.-i  and  e.  c.-«.  are  joined  each 
to  a  terminal  of  a  Carhart  one  volt  cell,  the  other  terminalsof  which 
are  joined  in  common  to  q}  The  remaining  points  are  connected 
to  points  along  f  g,  dividing  the  whole  resistance  in  the  ratio 
TuWi  tJtj  tV  a"d  \,  In  this  way,  with  w  on  one  or  the  other  of 
the  standard  cell  contacts,  we  may  by  proper  setting  of  q,  m  and 
«,  and  adjustment  of  the  regulators  bb  and  kq  get  the  b.  m.  f.  be- 
tween A  and  B  accnrately  1.5  volts ;  we  may,  also,  compare  the 
two  cells  with  one  another,  and  thus  detect  any  possible  variations 
in  either,  as  the  probability  that  both  would  change  alike,  in  the 
event  of  any  change  taking  place,  is  extremely  small.  By 
now  setting  w  on  r,  any  unknown  b.  m.  f.  joined  to  f  and  o  and  less 
than  1.5  volts  immediately  becomes  measurable.  Should  the  b.  m. 
r.  be  greater  than  1.5  volts  and  less  than  15  volts,  w  is  set  on 
R  X  10  instead  of  on  r  ;  greater  than  15  and  less  than  150  volts 
on  R  X  100;  greater  than  150  and  less  than  1,600  volts  on 
*  B  X  1,000.  When  measuring,  current  leads  are  brought  to  f  and 
o  from  the  shunt  terminals  and  the  b.  m.  f.  measured  like  any  other 
unknown  b.  m.  f.  In  order  to  avoid  the  risk  of  accidentally  getting 
too  large  a  current  through  either  of  the  standard  cells,  a  high 
resistance,  u  b,  of  about  10,000  ohms  is  permanently  placed  in  the 
galvanometer  circuit.  A  shunt  is  also  placed  around  the  galvanom- 
eter which  may  be  thrown  in  or  not,  as  desired,  by  means  of 
the  little  switch  placed  for  the  purpose. 

Some  of  the  details  of  construction  employed  in  this  instrument 
are,  it  is  believed,  sufficiently  interesting  to  be  worthy  of  descrip- 
tion. Fig.  7  shows  a  novel  way  of  economizing  space  and 
material  in  the  construction  of  the  coils  and  contact  points  sug- 
gested by  Mr.  Q.  L.  Sayen.  The  contacts  instead  of  being  brass 
rod  or  portions  of  rod,  as  usual,  are  tubes  having  a  metal  end. 
Into  these  tubes  the  coil,  wound  on  a  slim  spool  as  usual  is  slipped, 
one  end  of  the  wire  being  soldered  to  the  open  end  of  the  tube. 
Holes  just  large  enough  to  receive  these  tubes  are  then  drilled  into 
the  rubber  top  of  the  instrument  and  the  tubes  slipped  up  from 
below  with  closed  ends  uppermost  until  stopped  by  a  flange  which 
has  previously  been  soldered   around  the  tube  at  about  \  inch 

1.  "A  One-Volt  Standard  Cell,"  by  Henry  S.  Carhart.  Am,  Jour,  of  Bd- 
enre,  vol.  xWi.,  Julv,  1893. 
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fFom  its  end.  A  rubber  plate,  p,  about  |  inch  thick  and  -also 
drilled  tbrongh  with  boles  corresponding  to  the  tubee,  is  slipped 
over  them  from  below,  and  screwed  fast  to  the  ander  portion  of 
the  top  plate.  All  the  tubes  are  thus  firmly  clamped  in  place  bj 
means  of  theirfianges.  The  other  ends  of  each  coil  are  then  sol- 
dered to  the  next  tube,  etc. 

Fig.  8  shows  the  construction  of  the  resistance  exchanging  ar- 
rangement, Q.  There  are  two  concentric  circles  of  segments  as 
pictured,  these  segments  being  provided  with  spring  pieces.  The 
coils  are  joined  between  diagonal  segments.  Pivoted  at  their 
center  is  a  switch  formed  of  a  circular  plate  of  hard  rubber,  car- 
rying at  its  j)eripherj  a  number  of  angled  brass  wedges  or  knives 


Fio.  6. 
corresponding  to  the  segments  of  the  coils.  Instead  of  one  of 
these  wedges  is  9^  pair  of  contact  pieces  corresponding  to  a  and  b, 
of  Fig.  6,  and  joined  to  the  rest  of  the  circuit  as  shown  in  that 
figure;  each  piece  of  this  pair  makes  contact  with  but  <>n4$  seg- 
ment. It  is  obvious,  therefore,  that  as  the  switch  rotates,  the 
series  is  always  broken  between  a  and  b,  while  the  continuity  of 
all  the  rest  of  the  series  is  maintained  by  the  wedges  which  pass 
between  the  segments  and  keep  them  metallically  joined. 

In  order  to  get  at  the  standard  cells  in  case  either  or  both  of 
them  should  show  any  signs  of  giving  out,  all  that  is  necessary  is 
to  remove  the  four  screws  in  the  raised  block  seen  in  the  upper 
left-hand  corner  of  Fig.  5.  This  will  expose  the  binding  posts  to 
which  the  cell  terminals  are  joined,  the  cells  themselves  being 
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contained  in  two  brass  tabes  passing  down  through  the  top.  The 
binding  screws  are  loosened  and  the  cell  or  cells  drawn  out,  when 
they  can  be  shipped  back  to  the  maker  for  exchange. 


Fio.  7. 


Fig.  9. 


This  form  of  potentiometer  is  practically  direct  reading,  the 
required  values  of  e.^m.  r.,  being  numerically  set  down  upon  the 
face  of  the  instrument  when  balance  is  attained.  The  manner  in 
which  this  is  effected  is  very  readily  seen  from  inspection  of  Fig.  9, 
which  shows  a  composite  view  of  one  of  the  switch  devices  m  or  s.. 
Fixed  to  the  switch  handle  eo  as  to  rotate  with  it  and  above  the 
contact  and  contactor  itself  is  a  disk,  a  of  Fig.  7,  of  hard  rubber ; 
this  has  engraved  upon  its  upper  surface  a  series  of  numbers  cor- 


'y  S»g11ot\  oAVdt 


Fig.  8. 


responding  to  the  coils  of  the  series,  and  differing  in  value  by  ai> 
amount  equal  to  the  value  of  the  resistance  of  each  coil  in  terms 
of  the  whole  resistance  between  a.  and  b.    Thus  the  disk  of  (^ 
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having  fourteen  resistances,  each  ^^  of  the  whole  resistance,  is 
engraved  with  the  series  of  numbers  0.100,  0.200,  0.300,  etc.,  up 
through  1.400.;  s,  on  the  other  li:ind,  is  engraved  0.001, 
0.002,  0.003,  etc.,  through  0.009.;  m  in  the  same  way  has  its 
disk,  which  is  engraved  0.010,  0.020,  0.030,  etc.  In  the  in- 
strument these  three  switch  devices  are  grouped  together  as 
shown  in  the  general  view  and  in  plan  in  Fig.  10.  A  raised 
metal  box,  in  shape  something  like  a  three-leaf  clover,  covers 
their  operative  portions.  In  each  box  there  is  cut  a  rectangular 
hole  just  large  enough  to  expose  a  single  one  of  the  numbers 
engraved  upon  the  rubber  disk  below.  These  numbers  are  so 
placed  upon  the  disk  that  the  one  visible,  indicates  the  number  of 
parts  of  the  whole  resistance,  which  by  virtue  of  the  position  of 
Ub  switch  are  placed  between  the  points  of  the  derived  circuit. 
The  sum  of  the  three  numbers  displayed  is,  therefore,  the  total 
number  of  parts  of  the  whole  placed  between  the  derived  circuit 
terminals  by  virtue  of  the  position  of  aU  the  switches,  the  number 
of  tenths  being  taken  from  one,  of  hundredths  from  another,  and 
of  thousandths  from  the  third. 
In  practice  the  operation  of  the  instrument  is  exceedingly  con- 

S  C 
venient  and  speedy.     It  is  first  turned  to    \  '  and   q,  m  and  s 

turned  until  they  read  1.000,  since  the  Carhart  one-volt  cell  gives 
exactly  one  volt  b.  m.  r.  The  galvanometer  switch  being  turned 
to  ^'Galv.  Shunted,"  k  and  k'  should  be  depressed  for  an  instant. 
(In  the  instrument  a  single  ivory  button  projecting  up  through 
the  top  operates  a  double  contact  below).  If  the  index  swings  to 
'^R  High"  the  two  regulators,  Bi  and  B<t,  should  be  turned  '^  Up," 
as  shown  by  the  arrow  engraved  upon  them;  if  to**R  Low," 
then  the  regulators  should  go  down.  The  key  being  thus  alter- 
nately depressed  and  the  regulators  altered,  when  balance  is  finally 
approached  the  shunt  may  be  removed  from  the  galvanometer  by 
throwing  the  switch  to  "  Galv.  Direct,"  which  will  make  the 
adjustment  more  sensitive,  and  the  process  continued  until  bal- 
ance is  perfectly  attained.  This  having  been  done,  we  know  that 
the  points  a  and  b  differ  in  e.  if.  f.  by  exactly   1.5  volts.     To 

8  C 
assure  ourselves  of  this  we  may  turn  w  to      \  '  and  again  depress 

the  key;  this  should  also  give  a  balance.  To  measure*  now,  any 
unknown  b.  m.  f.,  it  is  joined  to  the  terminals  f  and  g;  the  switch 
\v  should  be  turned  to  b,  r  X  10,  b  X  100  or  r  X  1,000,  according 
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as  we  believe  the  e.  m.f.  to  be  between  0 — 1.5, 1.6 — 16,  15 — 160, 
or  150 — 1,500  YoItB.  If  we  have  no  idea  what  the  e.  m.  f.  is,  as 
18  very  rarely  the  case,  then  we  may  try  the  points  successively. 
Shnnt  the  galvanometer  and  depress  the  key  ;  if  needle  swings  to 
^'  R  High  "  turn  q,  m  and  s  *'  Down,"  as  shown  by  the  engraved 
arrow  until  the  needle  swings  to  '^R  Low.''  If  the  needle  cannot 
be  reversed  with  w  on  this  point,  try  the  next  one,  and  so  on  until 
finally,  if  the  e.  m.  f.  does  not  exceed  1,500  volts,  reversal  can  be 
accomplished  ;  then  remove  the  shunt  from  the  galvanometer 
and  balanceas  accurately  as  possible.   Thjs  done,  the  reading  of  the 


Fig.  10. 
dials,  B,  multiplied  by  1,  10,  100  or  1,000,  according  to  which  of 
the  points  w  is  on  will  be  the  desired  e.  m.  f.  If  current  is 
being  measured,  proceed  in  the  same  way,  only  multiplying  the  e. 
M.  F.  thus  obtained  by  the  resistance  of  the  shunt  in  order  to  get 
the  current  itself.  The  accuracy  of  the  work  may  be  cheeked  at 
any  time  by  throwing  w  back  on  one  of  the  standard  cells,  and  q, 
K  and  8  back  to  1.000;  perfect  balance  will  usually  f>ersist, 
provided  the  main  battery,  b*.  has  any  charge  worth  speaking  of. 
In  order  to  guard  against  any  possible  change  in  the  s.  m.  f. 
between  a  and  b,  during  a  series  of  measurements,  due  to  change 
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in  the  battery,  b*.  the  latter  shoald  be  of  good  size,  say  with  a  dis- 
charge rate  of  four  or  five  amperes  at  any  rate.  The  resistance  be- 
tween A  and  B  is  120  ohms,  being  always  constant ;  this  means  a 
current  of  about  -^j^  amperes  through  a  b,  while  the  key  is  dosed;. 
as  the  key  is  only  closed  for  an  instant  at  a  time,  this  drain  cannot 
affect  even  to  the  most  infinitesimal  extent  the  e.  m.  f.  between 
A  and  B. 

It  may  seem  as  if  the  large  number  of  rubbing  contacts  neces- 
sitated by  this  device,  28  in  all,  was  a  feature  liable  to  introduce 
considerable  error  into  the  result.  This  is,  however,  not  the  case, 
for,  assuming  the  largest  possible  variation  in  each  contact  resis- 
tance to  be  O.OOI  ohms,  (the  writer  has  never  found  it  larger  than 
this  in  switches  of  ordinarily  decent  mechanical  construction)  we 
have,  as  the  maximum  total  variation  in  q,  0.028  ohms.  The 
total  resistance  of  a  b  being  120  ohms,  this  is  seen  to  be  less  than 
4  parts  in  12,000  or  but  a  little  over  0.02  per  cent. 

In  connection  with  this,  it  is  interesting  to  note  that  in  adjust- 
ing the  resistances  of  the  coils  q,  m,  and  s;  the  maximum  allowable 
error  of  adjustment  is  a  constant  percentage  of  the  total  resistance 
A  B,  rather  than  of  the  individual  coils.  Hence  if  the  8  ohm 
coils  of  Q  are  adju&ted  to  ^V  P®^  cent.,  comparatively  easy  for  coils 
of  so  high  value,  the  0.8  ohm  coils  of  m  need  only  be  adjusted  to 
1-J=-^  per  cent,  and  the  0.08  ohm  coils  of  s  to  4  per  cent,  to  se- 
cure the  same  accuracy  as  regards  the  total  of  a  b,  i.e.,  as  regards 
reeiUt.  The  low  resistances,  therefore,  are  no  more  difficult  of 
adjustment  than  those  of  the  highest  value,  if  indeed  they  are  not 
easier,  so  that  the  resistances  as  a  whole  are  easily  brought  within 
the  required  limit  of  not  over  ^  per  cent,  error  in  result. 

The  value  of  this  instrument  as  a  convenient  and  quick  way  of 
obtaining  absolutely  reliable  determinations  of  current  and  e.  m. 
F.  is,  we  believe,  very  great.  There  are  scores  of  engineers, 
laboratories  and  stations  who  constantly  find  it  necessary  to  secure 
a  standardization  of  their  ammeters  or  voltmeters.  To  make  a 
voltameter  determination  takes  a  great  deal  of  time,  even  if  but 
one  value  is  to  be  gotten,  and  an  amount  of  skill  and  painstaking, 
not  always  immediately  available.  The  absolutely  steady  current, 
suitable  solution,  chemical  balance,  etc.,  are  also  adjuncts  not 
always  at  hand.  To  keep  any  form  of  standard  instrument  about 
for  purposes  of  comparison  is  usually  not  feasible.  If  the  instru- 
ment has  springs,  the  springs  may  change.  If  permanent  magnets 
they  are  almost  bound  to  change.     Other  forms  of  apparatus  more 
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free  .from  variable  elements,  as .  e.  g,^  tangent  galvanometer^^ 
are  easilj  affected  by  strong  fields  and  mechanical  disturbances  and 
require  either  to  be  always  kept  set  np  absolately  undisturbed,  or 
else  to  have  considerable  time  spent  upon  them  each  time  before 
using,  in  order  to  adjust  them  into  good  condition.  In  the  po- 
tentiometer there  are  practically  no  variable  elements,  at  lea^t 
within  limits  practically  infinitesimal  in  practical  measurements^ 
Dependence  is  placed  solely  and  entirely  upon  standard  resistances 
and  standard  cells,  both  of  which  have  been  thoroughly  investi- 
gated by  many  workers,  and  the  variations  of  which  are  well 
understood.  The  apparatus  is  simple  and  compact,  and  its  mode 
of  use  can  be  successfully  learned  by  a  schoolboy  in  a  few 
moments.^  Being  a  zero  method  it  is  absolutely  unaflEected  by 
neighboring  currents  or  magnetic  fields  and  the  galvanometer 
being  a  dead  beat  and  jewel  suspended  D^Arsonval,  may  be  used 
under  the  most  severe  conditions  of  mechanical' shock  and  vibra- 
tion. On  board  ship  it  is  believed  absolutely  the  only  apparatus 
which  could  possibly  be  used. 

1.  The  dimensions  over  all  are  11  in.  by  14  in.  by  5  in.  deep;  weight  less  than 
lOlbe. 
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DiBCUSRION. 

Mr.  R.  O.  Heinrich  : — Aesnming  that  Mr.  Willyoung's  intro- 
ductory remarks  in  regard  to  the  nnsatisfactory  constancy  of 
commercial  voltmeters  and  ammeters  be  true,  it  should  be  borne 
in  mind  that  in  the  best  types  of  commercial  measuring  instru- 
ment* this  condition  of  affairs  is  not  due  so  much  to  the  princi- 
ples and  methods  employed  in  the  construction  of  such  instru- 
ments, as  to  the  very  exacting  conditions  under  which  they  are 
used.  We  may  salely  say  \\\9kt  with  proper  care,  instruments 
employing  electromagnetic  or  permanent  magnetic  fields  are  at 
least  as  constant  as  standard  cells,  and  in  considering  therefore 
the  advisability  of  adopting  one  or  the  other  method  for  the 
purpose  of  comparing  and  standardizing  commercial  instruments, 
convenience  and  simplicity  become  the  most  important  factors. 
I  think  there  is  no  question  that  a  direct  reading  instrument  is 
by  far  the  most  preferable,  under  "  direct  reading,"  being  under- 
stood that  the  instrument  gives  direct  indications  which  are  read 
on  a  scale,  without  any  further  manipulation  than  connecting  the 
instrument  in  circuit. 

The  potentiometer  method  in  the  hands  of  a  skilled  person  is 
undoubtedly  a  very  valuable  one,  being  a  zero  metnod  and 
entirely  independent  of  surrounding  magnetic  fields.  It  is, 
however,  not  a  direct  reading  method  in  the  above  sense  of  tJie 
word,  and  it  becomes  very  tedious  and  even  unreliable,  if  com- 
parisons with  fluctuating  currents  have  to  be  made.  This,  I 
believe,  is  one  very  potent  reason  why  all  attempts  of  introducing 
the  potentiometer  method  in  the  form  of  a  commercial  measur- 
ing instrument  have  lacked  success. 

The  "  dangerous  elements  of  changes '-  attributed  by  Mr. 
Willyoung  to  all  other  methods,  are  in  my  opinion  not  at  all 
obviated  by  the  use  of  a  standard  cell,  at  least  such  cells  as  are 
now  to  be  had  in  the  open  market. 

Mr.  Willyoung  mentions  in  his  paper  that  his  apparatus  is 
capable  of  being  used  for  measurements  of  voltage  from  0  up  to 
1,500  volts,  and  of  currents  from  0  up  to  any  required  upper 
limit  with  a  7naximum  en^or  of  not  over  one-tenth  of  one  per  cenL 
Mr.  Willyoung  is  to  be  highly  congratulated  if  his  statements  are 
borne  out  by  actual  facts.  I  have  found  very  great  diflficulty  in 
obtaining  an  absolute  accuracy  of  one-tenth  of  one  per  cent, 
working  with  the  best  appliances  under  the  best  conditions  in  a 
laboratory.  But  assuming  that  the  general  construction  of  the 
apparatus,  the  introduction  of  a  complicity  of  sliding  contacts 
for  comparatively  low  resistances,  the  adjustment  of  snch  resist- 
ances and  finally  the  sensibility  of  the  galvanometer  used  in  the 
apparatus  will  allow  such  remarkable  accuracy  after  the  instru- 
ment has  left  the  factory,  it  remains  to  be  proven  whether  the 
standard  cell  employed,  and  in  general  any  standard  cell  can  be 
relied  upon  to  ^sucli  a  degree  of  accuracy  for  any  reasonable 
length  of  time. 
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On  the  strength  of  infornmtion  collected  from  various  sources 
and  on  that  of  my  own  experience  I  am  very  loath  to  accept  Mr. 
Willyoung's  statement  in  the  affirmative,  at  least  not  witnont  a 
good  deal  of  reserve. 

Dr.  Kahle,  of  the  Imperial  Physico-Technical  Institute  of 
Berlin,  in  a  most  exhaustive  treatise  on  the  Clark  cell  {Zeitsohrift 
fur  tmt/rumefiten  Kv/nde^  vol.  xii,  p.  117  and  (vol.  xiii,  pp. 
191  and  293)  mentions  (vol.  xiii,  p.  303)  that  six  Clark  cells, 
made  according  to  the  instructions  of  the  Board  of  Trade,  were 
sent  to  him  from  Cambridge,  England.  Of  these  six  cells,  two 
were  spoiled  in  transit.  The  remaining  four  were  tested  at 
intervals  for  a  period  of  nine  months  together  with  tive  cells 
made  in  Berlin  according  to  the  above  mentioned  instructions. 
The  results  of  these  tests  are  given  in  Table  I.  For  the  con- 
venience of  comparison  I  give  the  differences  of  these  cells  from 
the  normal  e.  m.  f.  in  percentages.  Dir.  Kahle  gives  the  diffe- 
rences in  hundred-thousandths  of  a  volt. 


TABLE  T. 

Set  up  in  EMlapd  and  sent  to 

Set 

up  in  Berlin. 

Date  of  Test. 



E,. 

£,. 

A,. 

4-  c  007 

E,. 

I. 
4-  0.016 

II. 

4-  0.017 
-- 0.015 

III. 

IV. 

V. 

Sept.  Z4,  1893... 
_**     15,    *'     .. 

—  0035 

■r-  0.037 

—  0.01 1 

—  0.036 

—  0.039 

4-  0.010 
-- 0.012 

—  0.034 

—  o.oao 

--0.0XX 

—  0.009 

-f-  0.0x6 

—  0.038 

—  0.04  X 

Oct.    31,    "     .. 

—  0.004 

--OC13 
--  0  017 

-- 0.014 

4-  O.OIO 

-|-  O.OIO 

--  0.002 

—  0.009 

—  0.029 

—  0.004 

—  0.0x4 

—  0  0x6 

Nov.    X,    "     .. 

—  0.004 

No  test. 

-  -  o.oba 

—  0.009 

—  0.029 

—  0.004 

*!    '°'   !!    •• 

—  0.X78 

0.000 

•* 

— C.116 

--  0.004 

—  0.070 

—  0,091 

—  O.IXO 

—  0.103 

"     12     "     .. 

—  0. 142 

—  0.X84 

—  0.058 

" 

—  0.070 

-  -  0.008 

—  0.050 

—  0.050 

—  0.070 

—  0.067 

April  19,  1893... 
June  14,    **    .. 

—  0.370 

-  -  0.004 

—  0.X04 

0.000 

—  0.092 

—  o.oao 

—  0.362 

No  te«t. 

—  0 13X 

—  0.035 

-  -  0,005 

-0.067 

+  0,002 

—  0.060 

—  0.022 

—  0.I9I 

*' 

"      i7»    ••     •• 

—  0.252 

—  0.030 

+  0.007 

—  0.055 

No  test. 

—  0.064 

—  0.025 

—  0.167 

It  will  be  seen  from  this  table  that  of  the  four  English  cells^ 
only  one,  and  of  the  five  cells  prepared  in  Berlin  only  three 
would  answer  Mr.  Willyoung's  requirements. 

Dr.  Kahle  ascribes  the  desultory  and  sometimes  very  consider- 
able variations  to  the  general  construction  of  these  cells,  since 
the  variations  were  shown  when  the  cells  had  never  been  dis- 
turbed and  had  been  kept  at  almost  constant  temperature  during 
the  entire  period  of  the  test. 

In  the  same  article  he  says : 

"  The  B.  M.  F.  of  the  Feussner  cell  (a  Clark  cell  of  somewhat 
"  large  dimensions  with  mercurous  sulphate  and  mercury  elec- 
"  troae  retained  in  a  porous  cup)  and  especially  of  the  English 
"  cells,  even  at  constant  temperature,  depends  entirely  upon  the 
"  conditions  of  temperature  to  which  the  cell  was  exposed  dur- 
"  ing  the  previous  day.  This  uncertainty  of  b.  m.  f.  surpasses  in 
"  the  Feussner  cell  0.001  volt  (0.07  per  cent.)  and  may  amount 
"  to  0.003  volts  (0.21  per  cent.)  to  0.005  volts  (0.35  per  cent.)  in 
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*'  the  English  cells.  *  *  *  *  On  account  of  the  large  and 
^^  indefinite  changes  with  change  of  temperature,  of  the  r.  m.  f. 
"  of  the  Clark  cells,  it  has  been  tried  to  replace  it  with  others 
"  which  are  claimed  to  behave  more  favoraoly  in  this  respect. 
"  Prof.  Carhart  has  reduced  the  temperature  coeflScient  of  the 
''  Clark  cell  by  using  a  zinc  sulphate  solution  which  is  concen- 
"  trated  at  O^C.  The  advantage  gained  by  this  is,  however,  an- 
"  nulled  by  the  disadvantage  that  such  cells  according  to  the 
"experience  collected  here,  cannot  l>e  reproduced  with  such 
"  exactness  as  the  cells  with  zinc  sulphate  crystals  in  excess.  It 
"  is  very  difficult  to  make  a  solution  which  is  saturated  at  exactly 
'^  O^C.  If  it  is  saturated  for  a  temperature  deviating  only  a  few 
"tenths  of  a  degree  from  zero,  a  deviation  of  the  e.  m.  f. 
"  amounting  to  several  ten  thousandths  of  a  volt  from  the  normal 
"  will  be  the  consequence." 

However  this  may  be  for  the  reproduction  of  these  cells  by 
any  person  skilled  in  the  arts,  my  experience  has  l)een  that 
Professor  Carhart  knows  how  to  reproduce  them  with  admirable 
agreement.     Their  portability  seems  also  to  be  very  satisfactory. 

Of  the  19  Carhart  cells  which  have  passed  under  my  observa- 
tion I  have  a  definite  knowledge  of  the  condition  when  received, 
of  only  eight.  Seven  of  tliese  showed  a  very  good  agreement 
amongst  themselves  in  a  test  made  about  two  weeks  after  they 
were  received.  Cell  382  was  tested  two  days  after  receipt,  and 
showed  an  e.  m.  f.  0.075  per  cent,  above  the  nonnal  of  1.440 
volts.  Tested  two  months  later  its  k.  m.  f.  had  dropped  0.117 
per  cent,  below  its  original  value. 

In  point  of  constancy  the  results  have  been  less  satisfactory, 
the  changes  being  most  likely  due  to  leakage. 

It  is  quite  evident  that  in  Professor  Carliart's  modified  Clark 
cell,  the  slightest  leakage  must  be  detrimental  since  this  would  at 
once  alter  the  concentration  of  the  zinc  sulphate  solution. 
Although  there  seems  to  be  a  marked  improvement  in  the  cells 
received  lately  from  Professor  Carhart,  it  will  be  seen  from 
Table  III.  that  in  five  of  the  ten  cells  a  continual  dropping  of 
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the  E.  M.  F.  has  taken  place.  These  cells  were  kept  continually 
ill  an  oil  bath,  coyerod  completely  by  oil,  and  were  subjected  to 
only  very  small  variations  of  temperature.  Cells  275  and  284 
had  been  kept  in  open  air  in  the  laboratory  from  Angust  '93  to 
November  '93.  Cells  147,  150,  202  to  210  were  also  kept  in 
open  air  in  the  laboratory  and  had  to  undergo  changes  of  tem- 
perature during  the  year  between  15®  and  30°  centigrade ;  the 
same  would  be  the  case  for  cells  used  in  an  apparatus  as  proposed 
by  Mr.  Willyoung. 

Remarks  to  Tahh  II, — Cells  202  to  275  were  compared  with 
284  as  standard.  Assuming  that  at  that  time  284  was  very  nearly 
correct,  since  it  was  just  received,  and  still  shows  in  Table  \^ 
a  fair  agreement  with  the  normal  e.  m.  f.,  the  figures  in  column 

4  would  give  the  percentage  difference  from  the  normal  e.  m.  f. 
Cells  202  to  210  were  returned  on  account  of  these  changes, 
therefore  no  further  test  could  be  made.     The  figures  in  column 

5  are  rather  interesting,  as  they  show  that  a  number  of  cells  of 

TABLE  IV. 
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Cell  No. 
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3M 
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the  same  batch  may  compare  very  well  and  still  differ  consider- 
ably from  the  normal  e.  m.  f.  A  very  good  proof  agcdnst  ike 
assumption,  that  tioo  standa/rd  oeUs^  kept  under  the  same  condi- 
tions^ a/re  correct  if  they  a^ree  with  each  other. 

Cells  147  and  150  (Table  IV.)  are  now  almost  dried  up,  the 
seal  being  completely  covered  bv  effloresced  zinc  sulphate  ;  they 
had  shown  signs  of  leaka^  already  in  the  early  part  of  1892. 
Cells  202  to  210  showed  whitish  spots  between  the  seals  and  the 

?^ass.     A  yellowish  white  coat  on  the  seal  was  explained  by 
rof .  Carhart,  as  silicate  of  sodium  acted  upon  by  the  air. 
Table  Y  gives  tlie  results  of  tests  of  Clark  cells  of  various 
origin.     With  very  few  exceptions  the  cells  have  changed  con- 
siderably more  than  one-tenth  of  one  per  cent. 

The  Wirt-Clark  cells  were  contained  in  two  Wirt  voltmeters, 
i.  e.j  direct  reading  potentiometers.  Instrument  265  when  re- 
vived gave  the  following  results  on  April  14th,  1891: 

Standard  100  volts 100.2  266  A.  +0.2    per  cent. 

100.86  265  B.  4-0.85 

lOvolte 10.85  265A.  H-8.5 

10.70  265  B.  +7.0         *'    ' 

On  May  25th,  1894 : 

Stondard  100  volts 77.0  266  A.  —28.0  per  cent. 

79.0  266  B.  —21.0 

lOvolte 9.78  265  A.  —2.7        " 

9.58  265  B.  —  4.7        " 

In  Table  V  the  cells  are  shown  to  differ  from  the  normal 
—  4.5  and  —  3.6  per  cent,  at  May  25th.  It  is  evident  that  the 
sliding  contacts  and  changes  in  the  resistances  have  in  the  course 
of  time  introduced  a  much  larger  error  than  the  cells.  The 
instruments  were  not  used,  but  had  been  standing  in  the  laboratory^ 
for  three  years. 

Weston-Clark  cell  1  is  a  remarkable  case,  in-so-far  as  no  sign 
of  leakage  could  be  detected,  and  that  the  cell  was  apparently  m 
faultless  condition.  There  is  then  a  record  of  31  standard  cells, 
of  which  21  have  given  out  at  this  date.  It  would  be  difficult 
to  sav  what  the  useful  life  of  these  cells  has  been,  since  no  record 
was  kept  at  sufficiently  close  intervals. 

My  experience  with  the  Calomel  cell  has  been  too  limited  to 
allow  of  forming  a  definite  opinion.  With  two  Calomel  cells 
the  following  results  were  obtained  by  silver  voltameter  deter- 
mination. 

Cell  808.     April  8d 1.00001  intern,  volte  at  20«  C. 

AprilOth 1.00009 

Ajprill6th 1.0<K)f2        **         **         " 

MaylUth 1.00010 

One  test  made  May  8th  gave  the  e.  m.  f.  of  the  same  cell  as 
0.99922  intern,  volts  at  20*"  C.  Previous  to  this  test  the  cell 
was  used  very  continually  during  one  hour,  a  grounded  circuit 
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giving  trouble  in  adjusting.  Although  the  circuit  contained 
resistances,  considerabiy  more  than  100,000  ohms  in  series  with  the 
cell,  it  is  thought  that  the  continual  use  caused  the  drop  in  s.  ic  f., 
the  more  so  as  a  comparison  with  Carhart-Clark  cell  311,  made 
shortly  after  tlie  experiment,  indicated  also  a  lower  e.  m.  f.  than 
usual.  A  silver  voltameter  test  made  two  days  later  gave  a 
result  agreeing  well  with  previous  determinations. 

These  determinations  would  make  the  e.  m.  f.  of  this  particular 
cell  0.99961  intern,  volts  at  15*^  C. 

Carhart  Calomel  cell  5  loaned  through  Professor  Carhart's 
courtesy  for  comparison  with  cell  303  showed  by  comparison 
1.00018  intern,  volts  at  15°C,  a  difference  of  0.06  per  cent  be- 
tween the  two  cells.  These  two  cells  seem  to  have  stood  trans- 
portation well  and  make  a  very  satisfactory  showing.  How  they 
will  behave  under  more  exacting  conditions  with  an  occasional 
abuse  is  a  q^uestion  yet  to  be  determined. 

It  is  evident,  however,  that  the  standard  cell  which  Mr. 
Willyoung  proposes  to  use,  has  to  be  a  very  much  superior  article 
to  anything  which  we  now  have,  in  order  to  fulfil  the  require-* 
ments  of  remaining  for  a  reasonable  time  within  an  accuracy  of 
one-tenth  of  one  per  cent.  Moreover,  allowing  for  occasional 
abuse  of  the  apparatus  and  taking  it  into  consideration  that  a 
multiplicity  of  sliding  contacts  is  used  in  connection  with  com- 
paratively low  resistances,  I  should  consider  an  accuracy  of  0.2 
per  cent,  quite  remarkable. 

On  the  other  hand  I  kciow  from  experience  and  from  carefully 
kept  records  extending  over  five  years,  that  there  is  no  difiSculty 
whatever  in  maintaining  an  accuracy  of  0.2  per  cent,  with  direct 
reading  instruments  as  defined  previously,  and  employing  electro- 
ma^etic  or  permanent  magnetic  fields,  and  affording  the  same 
flexibility  in  range  as  the  potentiometer  described. 

The  use  of  the  potentiometer  method  for  commercial  measur- 
ing instruments  dates  back  quite  a  few  years.  The  Wirt  and 
Howell  voltmeters  were  constructed  on  this  principle.  Dr. 
Feussner  describes  a  potentiometer  in  1890  in  ZeiUohrift fur 
Instrumerhten  Kunde  and  points  out,  how  the  instrument  may  be 
made  direct  reading  in  substantially  the  same  wa^^  as  Mr.  Will- 
young  describes.  Mr.  Crompton's  potentiometer  is  referred  to 
in  Mr.  Willyonng's  paper.  It  is  rather  significant  that,  in  spite 
of  these  various  attempts,  the  actual  nse  of  such  instruments  is 
very  limited  indeed. 

For  the  commercial  calibration  of  a  large  number  of  instru- 
ments the  method  is  altogether  too  slow.  For  occasional  com- 
parisons of  instruments  in  daily  use  a  direct  reading  instrument 
of  known  standard  qualities  seems  preferable,  the  accuracy  at- 
tainable with  such  instruments  being  amply  suflicient  for  all 
practical  purposes. 

For  laboratory  use,  where  time  is  usually  a  minor  considera- 
tion, the  potentiometer  would  be   commendable;  but  when  it 
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comes  to  accuracies  as  high  as  one-tenth  of  one  per  cent.,  I 
should  always  take  the  silver  voltameter  and  a  standard  resistance 
as  a  last  resort  for  a  check  on  the  standard  cell. 


Fio.  1. — Rheostat  for  Rayleigh's  Compensation  Method. 

In  regard  to  one  detail  of  construction  I  would  say  that  one 
idea  used  also  by  Mr.  Willyoung  occured  to  me  some  time  atfo. 
Mr.  Weston  designed  a  potentiometer  which  was  to  shorten  me 
tedious  adjustment  of  resistances  in  Lord  Eayleigh's  method. 
Fig.  1  shows  its  general  arrangement.     A  resistance  of  10,000 


Fi».  2. 


olims  is  kept  in  circuit  continuously  with  an  auxiliary  battery. 
It  will  easily  be  seen  from  the  diagram  that  by  moving  the 
•cranks  of  any  of  the  four  dials,  resistance  cut  in  on  the  circuit 
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containing  the  standard  cell  c  (on  the  a  side)  is  cnt  out  on 
the  opposite  side  {b  side).  This  potentiometer  necessitates,  how- 
ever, tiie  adjustment  and  use  of  80  resistance  coils.  In  the 
modification  shown  in  Fig.  2,  the  number  of  resistance  coils  is 
reduced  to  40  althoiigh  the  same  number  of  steps  from  one  to 
10,000  is  obtained.  The  identity  with  Mr.  Willyoung's  idea  will 
be  found  in  the  ari*angement  of  dials  c  and  d.  These  two  dials 
are  identical  in  their  arrangement,  taking  dial  c  for  a  descrip- 
tion ;  the  two  halves  a  and  b  of  the  crank  carrying  the  eliding 
contacts  serve  to  make  a  short-circuit  between  the  segments  ox 
E,  F  and  G,  H.  The  upper  part  of  these  two  dials  forms 
always  up  to  the  position  of  the  crank,  counting  from   left  to 
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right,  a  part  of  the  circuit  containing  the  standard  cell,  whilst 
the  lower  part  is  up  to  the  position  of  the  crank  in  series  witli 
the  auxiliary  battery.     Fig.  3  will  show  this  more  clearly. 

a  -\-b  -{-  c  -{-diQ  then  the  resistance  of  the  circuit  containing 
the  standard  cell,  whDst  the  total  resistance  is  always  kept  con- 
stant at  10,000  ohms. 

Such  an  arrangement  may  of  course  be  made  direct  reading  in 
the  sense  taken  by  Mr.  Willyoung,  by  proper  adjustment  of  the 
current  through  the  total  resistance  of  10,000  ohms ;  it  has  the 
advantage  of  very  much  higher  resistances  which  I  believe  essen- 
tial for  accuracy  whenever  sliding  contacts  are  used. 

In  summing  up  my  remarks  I  would  say  that  I  do  not  wish  to 
appear  opposed  to  the  use  of  standard  cells,  or  to  that  of  the 
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potentiometer  method.  I  consider  both  in  the  hands  of  an 
experienced  and  carefal  man  extremely  valaable  and  useful.  I 
do  not  believe,  however,  that  the  use  of  the  potentiometer 
method  avoids  "dangerous  elements  of  change"  any  more  than 
any  other  instruments  of  standard  qualities. 

1  should  consider  it  an  injustice  to  the  user  of  an  apparatus  to 
make  him  believe  that  he  can  measure  to  a  certain  percentage  of 
accuracy,  when  the  chances  are  so  very  great  that  he  does  nothing 
of  the  kind. 

I  am  not  a  believer  in  "  universal  portable  instruments,"  with 
which  anything  and  everything  can  be  done ;  usually  they  are 
crowded  into  much  too  small  space. 

My  doubts  about  sliding  contacts  in  connection  with  low  re- 
sistances have  been  expressed  before. 

From  a  superficial  inspection  of  Mr.  Willyoung's  apparatus  I 
should  expect  difficulty  and  trouble  in  regard  to  proper  insula- 
tion, especially  if  higher  vdltages  are  to  De  measured.  If  the 
^Ivanometer  used  is  of  the  same  sensibility  as  the  one  contained 
m  Queen  and  Company -s  portable  testing  sets,  I  should  consider 
its  sensibility  insumcient  tor  the  attainment  of  an  accuracy  of 
one-tenth  of  one  per  cent.,  as  claimed. 


A  paper  presented  at  tAs  MUveuth  General  Meet- 
ing 0/  the  American  Institute  of  Blectricat 
Engineers^  Philadeipkia^  May  nth^i»H-  Pren- 
dent  Houston  in  the  Chair, 


AN   OPTICAL  PHASE   INDICATOR  AND 
SYNCHRONIZEB. 

BY  PROF.  GBOBGK  S.  MOLEB  AUD  DK.  FBEDEBICK  BEDELL. 

In  starting  a  synchronous  alternating  current  motor,  it  is  usual 
to  bring  the  motor  up  to  speed  by  some  external  means,  and  to 
switch  it  into  connection  with  the  generator  when  the  motor  and 
generator  are  running  synchronously  but  are  in  opposite  phase. 
Various  devices  have  been  employed  to  indicate  synchronism,  and 
to  show  when  the  motor  is  in  opposite  phase  to  the  generator, 
one  of  the  simplest  of  these  devices  consisting  of  an  incandescent 
lamp  used  as  a  pilot  lamp.  The  lamp  is  connected  directly  in  the 
circuit  supplying  the  motor  so  that  all  the  current  through  the 
motor  armature  passes  through  it.  Before  the  motor  is  started 
the  lamp  glows  steadily.  As  the  motor  attains  considerable  speed, 
the  lamp  suddenly  flashes  up  and  dies  out  alternately  according 
to  whether  the  electromotive  force  generated  by  the  motor,  and 
the  electromotive  force  from  the  alternator  are  in  the  same  or  in 
opposite  phases.  Beats  are  thus  produced  which  occur  at  longer 
intervals  as  the  motor  approaches  synchronism  with  the  alterna- 
tor. When  the  intervals  are  long  enough  to  be  quite  marked, 
the  motor  is  connected  directly  to  the  generator  circuit  by  cutting 
the  lamp  out  at  a  moment  when  it  is  dark,  indicating  that  the 
machines  are  in  opposite  phase.  At  the  same  time  the  external 
power,  which  has  driven  the  motor  to  synchronism,  is  removed. 
Instead  of  one  lamp,  several  lamps  or  a  lamp  together  with  dead 
resistance  may  be  used  where  required. 

This  device  is  simple  and  eflScient.  It  does  not,  however,  indi- 
cate the  moment  when  exact  synchronism  is  reached,  nor  does  it 
show  whether  the  motor  is  running  at  a  greater  or  leas  speed 
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than  that  corresponding  to  the  generator.  It  does  not  show  the 
exact  phase  difference  between  the  motor  and  generator,  and 
does  not  indicate  the  phase  relations  after  the  motor  has  been 
connected  to  the  alternator  and  is  being  driven  by  it. 

The  following  instrument  has  been  devised  by  the  writers  to 
give  definite  information  in  regard  to  the  relative  speeds  and 
phase-positions  of  the  motor  and  generator  in  laboratory  investi- 
gations.    It  shows : 

(1.)  When  the  machines  are  synchronous : 

(2.)  Which  machine  is  running  the  faster  when  they  are  not 
synchronous. 

(8.)  The  angle  by  which  the  motor  lags  behind  the  generator. 


J3E 


MOTOR  SHAFT 


pix 


GENERATOR  , 
' 8MAFT  "  '  ; 


^ 


Fig.  1. 


Pig.  3. 


We  will  first  describe  the  simplest  form  of  the  phase-indicator. 
The  motor  and  generator  are  placed  together,  with  shafts  in  line 
and  abutting,  but  not  quite  touching.  The  two  machines  must 
have  the  same  number  of  poles  so  that  a  revolution  of  the  arma- 
ture of  each,  represents  the  same  number  of  alternations.  The 
abutting  ends  of  the  shafts  carry  two  disks,  one  connected  rigidly 
with  the  motor  armature,  the  other  similarly  connected  with  the 
armature  of  the  generator,  as  shown  in  Fig.  1.  In  these  disks 
are  curved  slits,  one  slit  for  each  pair  of  poles  of  the  machines. 
These  slits  are  shown  in  Fig.  2  for  an  eight-pole  machine.  The 
two  disks  are  in  every  way  similar;  the  one  being  the  reverse  of 
the  other.     The  two  disks  are  practically  superimposed  and  to- 
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gether  form  one  disk  with  four  holes  where  the  slits  of  one  disk 
cross  over  the  slits  of  the  other.  Evidently  the  distances  of 
these  four  holes  from  the  center  depends  upon  the  relative  posi- 
tions of  the  two  armatures  ;  they  move  in  and  out  as  the  arma^ 
tares  shift  their  relative  positions.  From  the  symmetrical  ar- 
rangement of  the  slits,  if  one  armature  is  stationary  and  the 
other  is  moved  past  two  pole-pieces  or  through  90°  of  arc  (cor- 
responding to  a  complete  period  of  alternation  or  360^  of  phase) 
the  intersection  of  the  slits  will  be  the  same  distance  from  the 
center  as  before.  The  curvature  of  the  slits  is  such,  that  the  dis- 
tance to  or  from  the  center  that  the  intersections  of  the  two  sets 
of  slits  move,  is  proportional  to  the  change  in  relative  position  of 
the  two  armatures. 

When  the  two  armatures  are  running  at  the  same  sj^eed  in  the 
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Pig.  2. 

same  direction,  and  there  is  a  source  of  light  on  one  side  of  the 
disks,  the  intersection  of  the  slits,  as  seen  from  tlie  other  side, 
appears  as  a  continuous  ring  of  light.  A  slight  difference  of 
speed  causes  this  ring  of  light  to  move  outward  or  inward,  accord- 
ing to  which  disk  is  revolving  the  faster.  The  more  rapidly  the 
ring  moves  in  or  out,  the  greater  the  difference  in  speed  of  the 
two  disks.  If  the  ring  is  moving  out,  a  new  ring  starts  at  the 
center  when  one  ring  reaches  the  edges,  and  these  rings  keep 
following  one  another  outward.  If  the  difference  in  speed  is  the 
other  way,  the  successive  rings  move  inward. 

In  Fig.  3,  the  heavy  dotted  line  represents  the  ring  of  light  for 
a  particular  position  of  the  two  disks. 

The  position  of  the  ring  of  light  indicates  the  relative  position 
of  the  two  armatures.     The  disks  may  to  secured  to  the  shafts  so 
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that  when  the  armatures  are  in  the  same  positions  with  reference 
to  the  pole-pieces  {i.  e.j  the  machines  are  in  the  same  phase)  the 
rin^  of  light  will  be  at  the  inner  or  outer  ends  of  the  slits.  The 
concentric  rings  in  Fig.  3  represent  the  phase  differences  cor- 
responding to  positions  of  the  ring  of  light  in  this  case. 

For  convenience  in  operation,  the  arrangement  of  the  apparatus 
which  has  thus  far  proved  satisfactory,  has  been  as  follows :  On 
one  side  of  the  pair  of  disks  is  placed  an  incandescent  lamp  en- 
closed in  a  box.  One  side  of  the  box  is  close  to  the  disk  and  has 
a  slit  in  it  about  half  an  inch  wide  extending  from  the  shaft  to 
the  circumference  of  the  disk.  This  slit  is  covered  with  a  piece 
of  oiled  paper  so  as  to  give  a  diffused  light  upon  the  disks.  A 
complete  ring  of  light  is  no  longer  seen  from  the  other  side,  but 
only  a  small  portion  corresponding  to  the  width  of  the  half-inch 
slit.  A  stationary  scale  is  fixed  so  as  to  extend  from  the  shaft  to 
the  edge  of  the  disks  on  the  opposite  side  from  the  lamps,  so 
that  the  distance  of  the  changing  line  of  light  from  the  center, 
may  be  read  so  as  to  give  the  phase  difference  of  the  two  machines 
by  direct  reading.  To  enable  one  to  see  the  scale  and  line  of  light 
most  conveniently,  a  mirror  is  arranged  at  forty-five  degrees  with 
the  disks,  so  that  the  line  of  sight  is  at  right  angles  to  the  shaft. 

The  disks  may  be  arranged  in  the  maimer  just  described  upon 
the  abutting  ends  of  the  motor  and  genei-ator  shafts,  only  in  case 
the  two  machines  have  the  same  number  of  poles.  Where  such 
is  not  the  case,  one  or  both  of  the  disks  can  be  driven  by  gears 
which  will  give  the  proper  relative  speeds  to  the  two  disks. 

In  operation,  the  instrument  has  proved  quite  satisfactory,  giv- 
ing  exact  and  definite  information  concerning  the  changes  in  the 
armature  lag  of  the  motor.  The  fluctuations  in  this  lag  are 
usually  quite  marked,  and  the  conditions  which  cause  them  can  be 
readily  investigated  by  this  apparatus.  For  instance,  this  fluctua- 
tion is  small  with  proper  fleld  excitation ;  as  the  field  current  of 
the  motor  is  diminished,  this  fluctuation  increases,  the  line  of 
light  moving  rapidly  back  and  forth  through  a  greater  and 
greater  distance,  which  finally  becomes  so  great  as  the  excitation 
is  weakened  that  it  goes  a  distance  beyond  which  it  cannot  re- 
cover ;  i.  «.,  the  motor  gets  out  of  step  and  stops.  It  would  be 
possible  to  make  a  more  detailed  investigation  of  these  fluctua- 
tions by  means  of  a  revolving  mirror,  and  they  may  be  photo- 
graphed and  made  of  permanent  record  by  means  of  a  moving 
plate. 
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The  apparatus  cau  be  applied  to  other  lines  of  work  inv^olving 
an  investigation  of  phase  difEerences  and  synchronism,  and  may 
1)e  modified  to  meet  the  requirements  of  the  problem  in  hand  ; 
l)nt  it  is  peculiarly  suited  for  use  in  synchronous  motor  work  for 
which  it  was  designed.  The  scope  of  the  present  paper  admits 
only  of  a  general  description  of  the  apparatus  here  given. 
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A  RELIABLE  METHOD  OF  RECORDING  VARIABLE 
(CURRENT  CURVES. 


BY.   1)K.    AIJIKBT   C\    ORKHORK. 


Introduction. 

A  practical  problem  that  has  in  more  recent  years  presented 
itself  to  the  electrician  and  physicist  alike  is:  "How  shall  we 
measure  the  exact  current  which  flows  in  a  conductor  at  any 
instant  of  time,  and  record  all  the  irregular  changes  to  which  it 
is  subject?"  Probably  every  one  who  has  thought  of  such  mat- 
ters at  all  has  considered  this  problem  in  some  of  the  phaiies 
which  it  presents.  The  importance  of  the  question,  since  the 
introduction  and  extensive  use  of  the  alternating  current,  has 
emphasized  the  fact  that  we  need  a  "  reliable  method"  of  measur- 
ing the  instantaneous  values  of  a  variable  current,  which  is  not  a 
"method  by  i>oints,"  but  "a  method  which  continuously  records 
the  current." 

Under  "a  method  by  points"  is  included  any  method  in  which 
the  current  is  obtained  from  readings  (usually  of  an  electrostatic 
voltmeter)  due  to  the  charge  of  a  condenser  which  may  be  con- 
nected in  at  any  point  of  time.  The  essential  characteristic  of 
the  method  is  that  the  current  is  tmpposed  to  repeat  itself  exactly 
during  successive  periods,  or  more  generally  when  the  conditions 
are  exactly  repeated.  There  can  be  no  doubt  that  the  current 
does  repeat  itself  under  exactly  similar  conditions,  but  can  we  be 
mire  that  those  conditions  are  exactly  repeated  f  By  this  method 
a  number  of  points  are  found,  the  time  occupied  being  at  least 
several  minutes,  and  the  collection  of  points  properly  arranged  is 
a  representation  of  the  current  during  as  short  a  time  as  the  one- 
hundredth  of  a  second,  perhaps.     Yet  this  method  has  proved 
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to  be  a  very  usefal  and  practical  one,  and  has  given  us  informa- 
tion concerning  the  currents  and  potentials  of  generators  and 
transformers  which  is  of  paramount  importance.  Yet  all  will 
agree  that  this  "  method  by  points  "  is  too  limited  in  its  applica- 
tion, and  does  not  show  us  any  sudden  temporary  change  taking 
place  in  a  current  which  does  not  repeat  itself.  Such,  for  in- 
stance, as  a  sudden  "make,"  or  "break,"  or  "change"  in  an 
alternating  current  would  not  be  easily  shown  by  this  method. 
The  second  method,  previously  designated  ^^a7nethod  which  cmi- 
iiniumdy  records  the  current ^^  is  the  one  to  which  this  paper 
more  particularly  refers.  Under  this  head  are  included  all 
methods  which  attempt  to  record  the  current  by  causing  it,  either 
directly  or  indirectly,  to  move  a  material  "  something"  so  that  its 
displacement  is  some  single  valued  functioa  of  the  current.  As 
an  example  of  this  method  may  be  mentioned  the  well-known 
exj)eriments  of  Frolich  in  which  a  telephone  is  used,  upon  the 
disk  of  which  is  mounted  a  mirror  that  permits  a  beam  of  light 
to  be  reflected  from  it.  Any  vibration  of  the  disk  gives  an 
angular  motion  to  the  ray  of  light,  and  this  motion  is  in  turn 
recorded  upon  a  moving  photographic  plate.  Other  examples 
might  be  mentioned  in  illustration  of  this  method,  for  instance, 
a  wire  which  is  deflected  in  a  magnetic  field,  or  stream  of  mercury 
so  influenced ;  but  it  will  be  noticed  that  in  all  of  these  eases  an 
appreciable  amount  oi  pmiderahU  matter  is  required  to  be  moved 
backward  and  forward  during  each  reversal  of  the  current. 
When  the  current  reverses  hundreds  of  times  per  second,  the 
unavoidable  difficulty  is  introduced  that  the  forced  oscillations  of 
this  ponderable  matter,  no  matter  how  small  in  amount,  become 
so  superimposed  upon  those  of  the  current  which  it  is  desired  to 
measure  that  they  are  inseparably  mixed  together;  and  the 
record  does  not  show  the  true  current,  but  the  resultant  vibra- 
tions of  the  instrument.  That  this  is  the  case  with  the  method 
of  the  telephone  above  referred  to,  has  been  established  beyond 
a  doubt  it  seems,  by  experiments  conducted  at  Cornell  University 
by  Mr.  Henry  Floy.  The  current  furnished  to  the  telephone 
was  carefully  measured  by  the  "method  by  points,"  and  care 
was  taken  to  see  that  the  current  as  measured  by  points  was  the 
same  as  that  used  in  the  telephone.  The  vibrations  of  the  tele- 
phone did  not  even  approximately  agree  with  the  current  as 
measured  by  well-established  methods. 

Bearing  these  points  in  mind,  and  remembering  the  high  fre- 
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qnency  of  some  of  the  oscillations  which  it  is  desired  to  iHJCord, 
may  we  not  with  some  degree  of  certainty  predict  that  any  of 
these  methods  requiring  the  rapid  motion  of  ponderable  matter 
will  be  open  to  precisely  the  same  objections  which  are  noticed 
in  the  cane  of  the  telephone?  Without  answering  this  question, 
probably  all  wiD  agree  that  the  difficulty  may  certainly  be 
avoided  by  using  as  a  vibrator,  instead  of  this  so-called  '^ponder- 
able 7natter^^  a  vibrator  that  has  no  weight.  It  is  to  this  ques- 
tion of  finding  a  form  of  vibrator  without  weight  that  I  invite 
your  attention. 

The  Wkightless  Vibbatok. 

The  idea  of  the  weightless  vibrator  is  perhaps  already  sug- 
gested in  the  beam  of  light.  But  how  shall  we  cause  a  beam  of 
light  to  have  a  change  in  direction  simply  by  means  of  a  current 
flowing  in  a  circuit  without  the  intervention  of  some  moving 
material  ?  A  way  of  influencing  a  beam  of  light  directly  by  an 
electric  current  (or  more  properly  by  its  magnetic  field)  is  that 
discovered  long  ago  by  Faraday.  It  is  by  means  of  the  dis- 
covery of  the  rotation  of  the  plane  of  polarization  by  an  electric 
current  that  I  propose  a  method  of  obtaining  a  weightless  vibra- 
tor. The  explanation  will  be  made  clearer  by  reference  to  the 
diagram  of  apparatus  (Fig.  1.)  A  beam  of  light  is  passed 
through  a  polarizer  (Nicol  prism),  so  that  the  vibrations  of  the 
beam  take  place  in  only  one  plane  upon  emergency.  If  it  is 
then  passed  directly  through  an  analyzer  (Nicol  prism)  the  latter 
may  be  set  at  such  an  angle  as  to  prevent  all  light  from  passing 
through  it,  and  thus  produce  darkness  beyond  the  analyzer. 
Faraday's  discovery  was,  that  if  a  beam  of  polarized  light  is 
passed  through  some  s^ibsto/nce  in  the  direction  of  the  lines  of 
magnetization  within  that  substance,  there  is  a  rotation  of  the 
plane  of  polarization  in  a  direction  which  is  the  same  as  the 
direction  of  the  current  required  to  produce  such  a  magnetic 
field.  The  direction  of  rotation  is  unaltered,  therefore,  whether 
the  light  beam  advances  in  the  same  or  the  opposite  direction  to 
the  magnetization,  so  that  a  beam  reflected  back  and  forth 
through  the  substance  several  times,  has  its  rotation  increased  by 
equal  amounts  each  time.  If  the  direction  of  the  ray  of  light  be 
at  right  angles  to  the  lines  of  magnetization,  there  is  no  rotation 
produced.  The  amount  of  this  rotation  has  been  carefully  in- 
vestigated by  Verdet,  who  announced  laws  by  which  it  may  be 
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expressed.  They  are  sammed  up  in  the  following  statement: 
^'  The  rotation  of  the  plane  of  polarization  for  monochromatic 
^^  light  is  in  any  given  substance  proportional  to  the  diiference  in 
^^  magnetic  potential  between  the  points  of  entrance  and  emer- 
^^  gence  of  the  ray  "  ;  that  is,  it  is  equal  to  a  constant  times  this 
"  difference  of  potential,  and  is  expressed  by  the  formula 

0  =  ,'  F,  (1) 

where  6  =  angle  of  rotation,  V  =  difference  in  magnetic  poten- 
tial, and  V  for  a  given  wave-length  is  constant  in  any  one  sub- 

ACTUAL  ARRANQEMENT  OF  APPARATUS 


\ 


Fig.  1. 

,  stance.  This  constant  is  known  as  Verdet's  constant.  If  now 
the  light  is  passed  through  the  polarizer  and  then  through  a  tube 
containing  the  substance  used,  around  which  is  wound  a  coil  of 
wire,  and  thence  through  the  analyzer,  an  observer  would  find 
complete  darkness  upon  looking  through  the  analyzer,  when 
set  in  the  crossed  position.  But  if  without  moving  the 
analyzer  a  current  is  sent  through  the  coil  on  the  tube,  light 
appears  to  the  observer.  This  is  because  the  plane  of  polariza- 
tion has  been  rotated  by  the  current,  and  practically  the  prisma 
are  no  longer  crossed.  Now  let  the  analyzer  be  rotated  while 
the  current  is  still  flowing,  and  the  observer  will  see  a  series  of 
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beautif al  colors  through  the  analyzer,  a  different  one  for  each 
position  of  it ;  but  as  long  as  the  current  flows,  he  cannot  pro- 
duce darkness  again  by  any  amount  of  rotation  of  the  analyzer. 

The  effect  suggests  what  is  known  to  be  a  fact,  that  the  differ- 
ent wave-lengths  composing  white  light  are  rotated  by  the 
current  in  different  amounts,  so  that  when  the  analyzer  is  turned 
to  the  angle  corresponding  to  the  yellow  light,  say,  only  the 
yellow  light  is  prevented  from  passing  through  the  analyzer. 
All  the  other  rays,  being  rotated  by  different  amounts,  pass 
through  the  analyzer,  and  there  being  mixed  together  they  give 
rise  to  the  series  of  beautiful  complex  colors  above  mentioned. 
A  different  color  is  eteen  for  each  position  of  the  analyzer,  be- 
cause in  each  position  a  different  color  is  subtracted  from  white 
light,  and  the  observer  sees  what  is  left,  or  merely  the  comple- 
mentary color. 

The  law  which  tells  the  amount  of  rotation  given  to  the  differ- 
ent colors  is  pretty  accurately  known  ;  and  theory  in  this  case  is 
in  close  accord  with  the  observed  facts.  The  equation  which 
elosely  expresses  the  amount  of  the  dispersion  for  the  different 
wave-lengths  may  be  written : — 

where  c  is  the  so-called  Verdet's  constant,  X  the  wave-length, 
and  n  the  index  of  refraction  of  the  mediam  :  <?  is  a  constant 
for  any  one  medium,  which  is,  however,  for  different  media,  in- 
versely proportional  to  the  permeability  of  the  medium.  This 
is  a  formula  at  which  Maxwell  arrived  from  his  theory  of  molec- 
ular vortices,  and  we  shall  see  how  closely  it  is  in  accord  with 
observation.  We  see  by  this  formula  that  Verdet's  constant  de- 
pends not  only  upon  the  wave-length,  but  apon  the  index  of 
refraction  corresponding  to  that  particular  wave-length,  and  also 
upon  the  rate  of  change  of  the  index  with  respect  to  the  wave- 
length. If  this  rate  of  change  of  n  with  respect  to  X  is  small, 
as  would  be  the  case  with  a  substance  where  the  dispersion  is 
small,  and  the  index  of  refraction  regarded  as  approximately 
cx>n8tant,  then  it  is  seen  that  the  formula  reduces  to  an  extremely 
simple  form,  viz : — 

■■  =  xi  (') 

Here  Verdet's  constant  is  inversely  proportional  to  the  square  of 
the  wave-length.  Using  this  approximate  form  for  the  present, 
we  see  from  Verdet's  law,  equation  (1),  that 
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e  =  vV=c,^. 


(3) 


But  the  diflfereiice  of  magnetic  potential,  Fi  is  -^^ — ,  where  S  i 


10 


is  ampere-tume,  and  thufi  we  have 

where 

c^zzz  4  7rei  ^/lO. 


(S) 
(6> 


Pio.  2. 

A  reference  to  Fig.  2  will  show  this  relation  between  angle  of 
rotation,  wave-length,  and  current.  Several  spirals  are  shown^ 
corresponding  to  the  several  lines  of  the  spectrum,  known  as  a^ 
B,  D,  F  and  G.  The  radii  of  the  circles  which  intersect  these 
spirals  are  proportional  to  the  current  flowing  in  the  circuit, 
while  the  angle,  which  the  radius,  drawn  to  any  point  of  inter- 
section, makes  with  o  p,  represents  the  rotation  for  that  particu- 
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lar  wave-length  and  current.  The 'spiral  O  Ai^m  the  extreme 
red,  and  O  Gin  the  violet  of  the  spectrum,  and  the  diagram  thus 
indicates  that  the  red  rays  are  not  rotated  so  much  as  the  bliie. 
The  direction  of  rotation  in  the  diagram  is  as  indicated  by  the 
arrow.  Now,  returning  to  the  observer  looking  through  the 
analyzer,  if  he  could  resolve  the  light  there  seen  into  the  pure 
colors  of  the  spectrum,  what  he  should  expect  would  be,  with  no 
current,  a  complete  spectrum,  since  all  rays  are  rotated  by  the 
current.  But  let  him  rotate  the  analyzer,  and  he  finds  that  first 
one  color  and  then  anotlier  disappears,  and  a  dark  band  is  seen 
to  move  across  the  spectrum  as  he  rotates  the  analyzer.  Again^ 
let  him  rotate  the  analyzer  to  a  certain  angle  and  leave  it  there 
while  he  varies  the  current.  He  should  expect  that  the  band 
would  move,  but  would  vanish  entirely  with  zerof  current,  and 
thus  prevent  observation  for  small  currents.  * 

Fortunately  we  have  substances  which  naturally  rotate  a  beam 
of  polarized  light,  for  by  means  of  this  aid  we  may  obviate  the 
difficulty  that  the  band  vanishes  with  no  current.  For  instance, 
a  parallel  plate  cut  from  a  crystal  of  quartz  perpendicular  to  the 
optic  axis  has  this  property  of  rotating  the  plane  of  polarization. 
Quartz  is  selected  for  the  material  used  because  of  its  great 
transparency  and  high  specific  rotary  power.  The  law  of  the 
rotation  is  similar  to  that  already  mentioned  for  the  rotation  by 
the  current.  The  approximate  law  is,  that  the  rotation  is  in- 
versely as  the  square  of  the  wave-length,  which  may  be  ex- 
pressed:— 

y  =  cs  ^  /  4  (7) 

where  f  is  the  angle  of  rotation  for  the  wave-length  >l,  (?3  is  a 
constant,  and  e  is  the  thickness  of  the  plate.  The  thickness  of 
the  quartz  plate  is  seen  to  correspond  to  the  current  in  equation 
(5).  Fig.  2  represents  the  actual  rotation  for  diflferent  thick- 
nesses of  quartz,  each  circle  corresponding  to  a  plate  one  millime- 
tre thick.  The  equivalent  of  a  quartz  plate  one  millimetre  thick 
is  represented  approximately  by  35,700  ampere-turns  wound 
upon  a  tube  containing  carbon  bisulphide.  This  latter  is  the 
substance  used,  being  selected  on  account  of  its  high  transparency 
and  specific  rotation. 

If  a  quartz  plate  be  placed  between  polarizer  and  analyzer,  the 
effect  is  the  same  as  if  the  current  circulated  around  the  tube  of 
carbon  bisulphide,  and  we  may,  by  rotating  the  analyzer,  move 
the  dark  band  completely  across  the  spectrum  by  means  of  the 
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quartz  plate  without  any  current.  Bat  suppose  we  set  the 
analyzer  so  that  the  dark  band  remains  in  the  center  of  the  spec- 
trom,  and  then  pass  a  carrent  through  the  coil.  We  observe  a 
motion  of  this  dark  band  back  and  forth  through  the  spectrum 
as  the  current  is  repeatedly  reversed.  For  any  given  current  its 
position  is  always  the  same,  so  that  its  motion  may  be  calibrated 
by  passing  known  currents  through  the  coil.  Have  we  not  in 
this,  found  a  weightless  vibrator  that  is  sure  to  move  in  nnison 
with  the  currents,  if  the  term  is  allowed  ? 

Before  passing  on  to  the  more  practical  side  of  the  question,  it 
may  be  asked,  will  this  band  move  back  and  forth  so  that  its  dis- 
placement is  approximately  proportional  to  the  current?  The 
answer  to  this  qaestion  lies  so  near  at  hand  that  your  attention  is 
invited  to  it  for  a  moment.  The  rotation  of  the  plane  by  quartz 
is  approximately  represented  by  the  formula: — 

The  rotation  by  the  current  is  represented  by 

0  =  (^  i/X\ 
If   both  these  rotations  take  place  together,  the   resultant  is 
merely  the  sum  of  the  components,  and 

Z  =  SP  +  *  =  (^8^  +  ^i)~.  (8) 

The  position  of  the  dark  band  depends  upon  the  position  of  the 
analyzer.  Let  the  analyzer  be  set  at  some  convenient  angle,  a, 
with  the  position  of  complete  darkness,  and  let  it  remain  there. 
Then  the  wave-length  or  color  where  the  dark  band  occurs  for 
the  quartz  plate  (being  called  Xq)  is  given  by  (7)  above,  and  we 
have 

a  =  C  *  (9) 

The  wave-length  corresponding  to  this  constant  angle,  a,  when 
lx)th  quartz  and  current  are  used,  is  given  by  (8),  and  we  have 

a  =  {o,e  +  Oti)l,  (10) 

in  which  k  is  that  wave-length  corresponding  to  a  certain  current, 
ij  and  therefore  i  and  X  are  co-ordinate  variables.  Equating  the 
values  of  a,  we  have 
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This  may  be  written 


Cze 
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(12) 


and  in  this  form  the  relation  between  wave-length  and  current  is 
seen  to  be  represented  by  a  parabola.  In  Fig.  3  are  represented 
two  sets  of  parabolas  obtained  from  equation  (12)  by  assnming 
that  ^  and  e  t-ake  in  succession  different  values.  When  e  =  2 
moi.  the  set  of  parabolas  marked  i  is  obtained,  and  where  e  = 
6  mm.  set  ii  is  obtained.  By  giving  k  different  values  we  merely 
vary  the  parameter  of  the  parabola  without  clianging  the  origin. 
It  will  be  remembered  that  kj  represents  that  wave-length  corres- 


ponding to  the  positions  of  the  dark  band  for  no  current.  It  is 
therefore  the  value  of  k  when  i  is  equal  to  zero,  as  appears  from 
the  equation  independently.  The  axis  of  ^  is  the  vertical  line  to 
the  right  of  the  figure,  upon  which  the  letters  a,  b,  etc.,  are 
written.  These  letters  show  the  positions  of  the  various  Fraun- 
hofer  lines,  and  one  parabola  is  drawn  for  each  line.  Each 
parabola  then  corresponds  to  one  setting  of  the  analyzer  and  the 
dark  band  is  found  at  these  lines  of  the  spectrum  for  zero  cur- 
rent. The  upper  parabola  is  at  the  red  end,  and  the  lower  at  the 
blue  end,  of  the  spectrum.  The  axis  of  current  is  the  base  line 
of  the  diagram,  and  currents  to  the  left  of  the  vertical  line  are 
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called  negative,  while  those  to  the  right  are  called  positive.  The 
axes  of  all  the  parabolas  coincide  with  each  other  and  with  that 
of  the  current,  and  for  a  given  quartz  plate  they  all  intersect  this 
axis  at  the  same  point,  so  that  taking  different  settings  of  the 
polarizer  is  equivalent  to  changing  the  parameter  only  of  the 
parabola. 

The  interpretation  of  these  results  may  be  put  as  follows:  If 
we  have  a  spectrum  in  which  the  wave-lengths  are  proportional 
to  the  distances  along  the  spectrum  (which  is  the  case  with  Pro- 
fessor Kowland's  arrangement  of  a  concave  grating),  then  the 
displacement  of  the  dark  band  to  one  side  or  the  other,  due 
to  the  current,  will  be  exactly  according  to  the  shape  of  these 
parabolas  near  the  zero  point;  that  is,  near  the  vertical  line 
lettered  a,  b,  etc.  Since  it  appears  that  each  parabola  at  such  a 
great  distance  from  the  origin  is  nearly  a  straight  line,  the  dis- 
placement in  such  a  si>ectrum  will  be  nearly  proportional  to  the 
current. 

A  noticeable  feature,  easily  revealed  by  the  graphical  construc- 
tion, is  that  in  tlie  red  end  of  the  spectrum,  where  the  inclination 
of  the  parabola  to  the  i  axis  is  the  greatest,  the  motion  of  the 
band  will  be  the  greatest  for  a  given  current. 

Of  course  it  is  understood  that  this  construction  has  to  do  with 
the  relation  between  the  wave  length  and  the  current,  and  not 
between  tiie  displacement  and  current,  unless  the  wave-length 
and  displacement  are  proportional.  It  does  not  apply,  for 
instance,  to  the  displacement  in  the  spectrum  of  most  prisms.  In 
the  prisms  used,  the  red  rays  were  so  crowded  together  that  the 
motion  as  observed  was  nearly  the  same  in  the  red  as  in  the  blue. 
The  width  of  the  band,  however,  is  for  this  reason  narrower  in 
the  red  than  in  the  blue — ^a  consideration  of  considerable  practi- 
cal importance. 

DESCRIFnON   OF   SoMB  OF   THE    APPARATUS. 

The  tube  upon  which  the  coil  carrying  the  current  was  wound, 
was  a  glass  tube  1.4:  cm.  internal,  and  1.8  cm.  external,  diameter, 
and  70.15  cm.  long.  The  tube  was  filled  with  carbon  bisulphide,, 
which  was  confined  in  the  tube  by  means  of  two  plane  parallel 
plates  of  glass,  each  1.3  cm.  thick,  fitted  tightly  upon  the  ground 
ends  of  the  tube.  Upon  this  tube  was  wound  six  layers  of  No. 
18  double  cotton  copper  magnet  wire,  occupying  a  length  on  the 
tube  of  61.5  cm.     The  wire  was  wound  so  that  100  turns  occn- 
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pied  12.7  cm.  Thus  the  total  number  of  turas,  2,900,  is  very 
large  considering  the  size  of  wire. 

The  light  used  was  sunlight  reflected  from  the  mirror  of  the 
heliostat. 

The  Nicol  prisms  are  two  fine  specimens  which  were  obtained 
by  Dartmouth  College  at  a  time  when  large r^speci  mens  could  be 
obtained  than  may  now  easily  be  found.  The  slit  does  not  need 
to  be  very  narrow.  A  width  of  a  quarter  to  a  half -millimetre  will 
do  better  than  a  narrower  one,  because  more  light  is  admitted  to 
the  photographic  plate,  and  in  passing  through  so  many  different 
substances  even  sunlight  is  rendered  comparatively  feeble  by  the 
time  it  strikes  the  photographic  plate. 

A  further  description  of  the  apparatus  is  hardly  deemed  to  be 
necessary,  inasmuch  as  no  claim  is  made  to  having  obtained  more 
than  the  most  crude  of  first  results,  which  may  be  the  results  ob- 
tained by  apparatus  arranged  in  a  comparatively  poor  manner  for 
the  end  sought.  Yet  the  results  obtained  seem  to  be  so  promis- 
ing for  the  future,  that  the  subject  is  presented  to  you  at  this 
early  date  in  the  experiment,  in  the  hope  that  it  may  soon  receive 
an  impetus  from  other  experimenters  who  have  better  facilities 
than  those  at  my  disposal,  and  thus  become  a  fruitful  source  of 
extending  our  knowledge  of  instantaneous  current  flow  in  con- 
ductors. 

The  objections  which  most  naturally  suggest  themselves 
against  tliis  > method  of  taking  current  curves  are  perhaps  the 
following.  The  photographic  plate  must  move  so  quickly  that 
the  time  of  exposure  of  any  one  part  of  the  plate  is  extremely 
short.  To  meet  this' demand  the  most  sensitive  plates  that  can 
be  made  should  be  used.  The  width  of  the  band  with  any  given 
plate  depends  largely  upon  the  time  of  exposure.  Then,  too,  a 
plate  is  to  be  desired  that  will  photograph  toward  the  red  end  of 
the  spectrum  as  well  as  in  the  blue.  The  hand  does  not  possess 
very  sharp  outlines,  but  gradually  shades  oflf  from  dark  to  light. 

These  objections  do  not  have  so  much  weight,  however,  in 
cases  where  the  general  direction  of  the  variation  of  the  current 
is  what  is  wanted,  more  than  any  exact  measurement  of  its 
amount,  and  in  the  majority  of  cases  this  is  really  what  is  required, 
yet  it  cannot  be  said  that  in  these  preliminary  experiments  the 
band  used  was  nearly  as  sharp  as  may  be  obtained. 

Another  objection  of  a  diflferent  nature  that  seems  diflScult  to 
avoid  is  the  fact  that  the  coil,  which  is  wound  upon  the  tube, 
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must  necrpsarily  possesn  a  small  amount  of  self-induction.  It 
may  be  said,  however,  that  even  though  we  are  prohibited  from 
measuring  certain  currents  on  account  of  this  self-induction,  we 
are  always  sure  that  we  are  measuring  the  exact  current  which  ie 
flowing  through  the  coil. 

A  More  Exact  Expression   op  thb  Relation  between  thr 
Wavb-Lengih  and  Vkrde-i's  Constant. 

The  approximate  relation  between  the  wave-length  and  Verdet's 
constant  used  above  was  that  Verdet's  constant  varied  inversely 
as  the  square  of  the  wave-length.  It  is  considered  of  sufficient 
interest  to  inquire  just  how  nearly  this  is  an  approximate  formula. 

By  reference  to  equation  (2)  it  is  evident  that  if  we  only  knew 
the  relation  between  the  index  of  refraction  and  the  wave-lengthy 
we  might  obtain  the  relation  between  the  wave-length  and 
Verdet^s  constant  in  terms  of  these  two  quantities  alone  and 
constants. 

Such  a  relation  is  afforded  by  Briot's  formula,  which  is  a  modi- 
fication  and  improvement  upon  the  well-known  formula  of 
Cauchy.     This  is 

l/n»  =  *  P  +  ^  +  Bj)?  +<?/;*+  . . . .,  (14) 

where  n  is  the  index  of  refraction  corresponding  to  the  wave- 
length L  and  ky  Ay  B^  etc.,  are  constants  for  the  given  substance. 
Assuming  that  all  terms  beyond  B/X^  are  negligible,  we  may 
differentiate  with  respect  to  X  and  obtain  the  equation 

^,^  =  n'(^-kA  (15) 

Upon  eliminating  B/X^  between  (14)  and  (15),  we  obtain 

il-^  =  1  — 2*n«;'  — An^  (16) 

n  d  A 

Substituting  in  (2)  the  expression  thus  obtained,  we  have 

v=:en^{2k  +  A/X^.  (17) 

But  by  (14) 

n^  =  {k}}+  A  +  B/XY^'  (18) 

Hence 

v  =  c{2l+  A/X")  {kX'  +  A  +  J5/i'H-  (19) 

This  formula  represents  to  a  high  degree  of  accuracy  the 
observed  valnes  of  Verdefc's  constant  for  carbon  bisulphide.     It 
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probably  would  for  any  other  substances,  but  carbon  bisulphide 
is  the  only  one  to  which  it  has  been  applied  by  me.  The  con* 
stants  i,  A^  and  B  may  be  found  by  means  of  equation  (14)  and 
the  observed  values  of  the  refractive  index  for  known  wave- 
lengths. The  values  used  are  those  observed  by  Messrs.  Gladstone 
and  Dale.     (See  Glazebrook's  Physical  Optics,  page  243.) 


Line  of  spectrum. 

Indea  of  refraction 
for  carbon  bisulphide. 

Line  of  spectron. 

for  carbon  bisulphide. 

A    7631 
R    6870 
C    6*6, 
I>    5893 

Z.6149 
x-6333 

E    ^70 
F    ^861 
G    4^08 
H    569 

..6465 

f.7090 

These  values  give  curve  i,  in  Fig.  4.     The  lines  a,  f,  and 
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H  were  selected  and  three  simultaneous  equations  formed  from 
(14),  so  that  the  resalting  curve  11  should    pass  through  these 
three  observed  points. 
The  values 

i  =  — 1.98  X  10-^  (20) 

4=  .41384,  (21) 

B  =  1076250,  (22) 

were  obtained  by  the  determinant  solution  of  these  three  simul- 
taneous equations.  The  resulting  black  cur^e  may  not  appear  to 
coincide  very  closely  with  the  red,  but  it  mast  be  remembered 
that  the  origin  of  coordinates  is  a  long  distance  below  the  paper. 
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and  the  apparent  differences  are  but  a  very  Bmall  fraction  of  the 
whole.     The  unit  is  the  tenth  metre  for  wave-lengths. 

Having  these  constants,  they  may  now  be  substituted  in  (19), 
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Fig.  5. 


and  0  determined  from  the  observed  values  of  Verdet's  constant. 
Tliese  observed  values  are : 


Line  of  Spectrum.  (X) 

Vcrdct'i  Constant  (or  Carbon  Bisulphide,  (v) 

p    5893 
E    5270 
F    4861 
G   4108 

0.0319' 
0.0415^ 

00667' 
0.0930* 

The  constant  thus  determined,  where  a  minute  is  the  unit  of 
angle,  gives 

c  =  310243.  (28) 
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Using  these  constants  for  equation  (19),  we  obtain  curve  i,  in 
Fig.  5.  The  points  marked  X  are  observed  values,  and  the  cal- 
culated curve  practically  passes  through  them  all. 
.  Carve  ii  in  this  diagram  represents  the  approximate  law  that 
Verdet's  constant  is  inversely  as  the  square  of  the  wave-length, 
and  the  degree  of  the  approximation  may  be  observed. 

DrscussioN. 

Mr.  Stbinhetz  : — ^I  have  listened  to  this  important  paper  with 
a  very  ^reat  interest.  As  you  remember,  some  years  ago  Dr. 
Frohlich,  of  Germany,  proposed  a  method  of  taking  indicator  cards 
of  alternating  currents.  His  method,  however,  had  the  serious 
defect  of  all  former  methods  to  einploy  moving  parts.  Now 
here,  in  this  method,  we  see  a  beam  of  light,  which  has  no  inertia 
whatever,  trace  the  picture  of  the  alternating  current,  so  that  we 
can  expect  here  to  get  a  true  picture  of  the  alternating  current 
wave  or  any  other  electric  current,  not  by  a  series  of  complicated 
and  tedious  instantaneous  readings,  but  with  almost  the  same 
ease  as  a  steam  engine  indicator  card.  This,  I  think,  is  a  very 
important  step  in  advance.  For  practical  use,  it  is  of  great  im- 
portance to  get  the  vahies — the  amplitude  of  oscillation  of  the 
black  band  in  tlie  spectrum,  propornonal  to  the  intensity  of  the 
enrrent,  so  that  the  photograph  need  not  be  reduced.  The  use 
of  the  glass  prism  gives  the  amplitude,  in  the  red,  larger  than 
in  the  violet  part  of  spectrum.  However,  this  is  not  unavoidable 
in  this  method,  because  by  replacing  the  glass  prism  by  a  refrac- 
tion grating,  at  the  expense  of  a  large  amount  of  light,  indeed, 
you  can  ^et  proportionality  between  the  current  and  the  ampli- 
tude of  the  black  band.  So  it  is  a  question  of  the  intensity  of 
the  picture  against  proportionality  to  the  current. 

It  is  especially  interesting  to  note  from  the  parabolic  equation, 
that  is  the  dependence  of  the  current  on  the  amplitude  of  oscil- 
lati(ms  of  the  black  band,  that  that  part  of  the  parabola  which 
is  within  the  range  of  the  spectrum,  is  very  nearly  straight,  that 
is  to  say,  the  motion  of  the  black  band  in  the  spectrum  is  almost 
proportional  to  the  intensity  of  currents.  All  this  goes  to  make 
the  tracing  of  the  instrument  the  direct  picture  of  the  wave,  and 
not  merely  a  picture  which  has  to  be  reduced  to  get  the  exact 
valu2.  TTiough  not  so  important  for  the  physical  laboratory,  this 
is  very  important  for  the  practical  use  of  such  an  instrument.  I 
think,  therefore,  that  this  method  is  exceedingly  valuable,  and 
wiU  perhaps,  give  us  one  of  the  most  important  instrnmeuts  of 
electrical  engineering  when  worked  out  in  detail,  of  the  same 
usefulness  as  the  steam  engine  indicator. 

Prof.  Anthony: — I  do  not  care  to  spend  time,  at  this  late 
hour,  in  the  discussion  of  the  paper.  I  merely  want  to  say  that 
this  has  been  an  extremely  interesting  paper  to  me,  and  I  be- 
lieve that  the  ingenuity  displayed  in  bringing  out  the  results  here 
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is  something  that  we  ought  fully  to  recoguize.  I  beliere  that  thk 
iDStrnment  will  be  a  most  important  inbtrument  in  the  investiga- 
tion of  alternating  currents. 

[The  meeting  then  adjourned  for  the  day.] 

The  afternoon  was  devoted  to  a  trip  down  the  river,  a  visit 
being  made  to  Cramps'  shipyard.  Gloucester,  N.  J.  was  next 
visited  and  after  an  excursion  on  the  electric  railway,  and  a  visit 
to  the  power-house,  a  "planked-shad"  dinner  was  served, 
through  the  courtesy  of  the  Engineers  and  Manufacturers  oi 
Philadelphia,  and  under  the  management  of  the  Sub-Committee 
on  Entertainment.  The  party  returned  to  Philadelphia  by  a 
special  steamer  up  the  Schuylkill  river. 


A  /«/«r  prestnitd  at  tkt  Elntnih  Gtneral  Meet- 
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diut  Houston  in  the  Chair. 


EESONANCE    ANALYSIS    OF    ALTERNATING    AND 
POLYPHASE  CURRENTS. 

BY   M.    r.    PUPIN,    PH.    D. 

L  Introduction. 

The  presence  of  upper  harmonica  in  an  alternating  current 
wave  is  a  fact  which  deserves  careful  consideration,  both  on  ac- 
count of  the  purely  scientific  interest  which  is  attached  to  it,  and 
also  on  account  of  the  technical  bearing  of  electrical  resonance 
upon  the  construction  of  conductors  possessing  appreciable  dis- 
tributed capacity. 

That  alternating  current  and  electromotive  force  waves  of  a 
great  variety  of  forms  can  be  produced  by  properly  designing 
the  pole-pieces  of  the  field  magnet,  and  the  iron  core  of  the 
armature  of  an  alternator,  is  a  fact  nearly  as  old  as  the  discovery 
of  electro-magnetic  induction.  Fully  as  old  is  also  the  knowl- 
edge that  a  great  variety  of  alternating  current  and  electromotive 
force  waves  can  be  obtained  by  means  of  the  induction  of  an 
intermittent  current. 

A  careful  investigation  of  these  waves  was  first  made  more  than 
forty  years  ago  by  Lenz*  and  Koosen,^  who  employed  alternators 
with  iron  in  the  armature.  They  plotted  these  waves  from  the 
instantaneous  values  of  current  and  electromotive  force  obtained 
by  means  of  the  now  well-known  revolving  sliding  contact.  Em- 
ploying the  same  method  of  investigation  Jouberi'  showed  in 
1880  that  the  electromotive  force  wave  obtained  from  an  eight 
pole  Siemens  alternator  without  iron  in  the  armature  is  very 
nearly  a  pure  sine  wave.        Tlie  method  is  now  known  as  e/cm- 

1.  Fogg  Ann.  76  p.  494,  1849; -92  p.  123,  1854. 

2.  P'ffg  Ann.  87  p.  386,  1852. 

3.  Comptes  Rendtis,  Vol.  xci,  p.  161,  1880  ;  Ann.  de  Tecole  super.  10  p.  131^ 
1881. 
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bertha  methodof  sliding  contact  In  1888,  Dr.  L.  Duncan^  shoved 
how  Euccessfnllj  this  method  can  be  employed  in  tlie  stndj  of 
alternating  current  waves  produced  by  commercial  machines  in 
actual  operation.  The  same  method  was  considerably  elaborated 
by  Professor  H.J.  Ryan*  in  an  investieration  of  the  action  of 
transformers.  The  name,  ^*  indicator  diagtam^^  lias  been  ap- 
plied to  wave  curves  of  current  and  electromotive  force  obtained 
by  Joubert's  method,  and  very  properly,  I  think,  because  they 
do  very  clearly  indicate  the  action  of  alternating  current  ap* 
paratus.  The  process  of  taking  these  indicator  diagrams  has  been 
shortened  very  much  by  Dr.  L.  Duncan's  four  dynamometer 
method. 

Our  knowledge  of  the  action  of  alternating  current  apparatus 
has  been  extended  considerably  by  these  indicator  diagrams. 

For  instance,  we  are  now  much  more  certain  of  the  limitations 
which  must  be  imposed  upou  the  simple  harmonic  wave  theory  of 
alternating  currents  than  we  were  a  few  years  ago,  and  it  looks 
very  much  as  if  progress  in  this  direction,  even  more  than  in  any 
other,  meant  progress  towards  a  complete  theory  of  the  working 
of  alternating  current  apparatus.  Hence  the  desirability  of  as 
large  a  number  of  workers  in  this  particular  region  of  electncal 
research  as  possible. 

Tliere  is  no  doubt  that  a  simpler  method  would  increase  this 
number:  for  though  much  must  be  said  in  favor  of  the  sliding 
contact  method  of  obtaining  indicator  diagrams,  yet  it  mnst  also, 
be  acknowledged  that  the  method  is  a  very  laborious  and  unin- 
teresting process  of  investigation.  A  great  many  attempts  have 
been  made  to  devise  some  optical  or  some  automatic  method,  but 
with  little  success.  There  is  another  reason  why  a  new  method 
of  studying  alternating  current  waves  seems  desirable.  It  is 
this:  The  method  of  sliding  contact  is  not  sufficiently  sen* 
sitive  to  detect  small  deviations  from  a  true  sine  wave,  and  con- 
sequently it  is  not  capable  of  following  up  the  causes  of  these 
deviations,  when  the  effects  seem  to  be  absent.  For  instance,  the 
primary  current  of  a  transformer  can  differ  very  much  from  a  true 
sine  form  when  the  secondary  circuit  is  open,  but  when  a  large 
current  is  flowing  through  an  approximately  non-sel inductive 
secondary  circuit,  then  the  primary  can  be  made  to  differ  inap- 
preciably  from    a  true  sine  wave.       The  question  arises  noWy 

1.  See  article  by  Duncan,  Hutchinson  and  Wilkes  in  the  Electrical  Worlds 
March,  1888. 

2.  Transactions,  vol.  vii,  p.  1,  Jan.,  1890. 
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what  has  become  of  these  causes  when  the  secondary  carries  a 
Kea/oij  load? 

Tliis  question  is  of  deep  scientific  interest ;  it  is  also  of  con* 
Biderable  technical  importance.  For,  if  these  canses  are  present 
at  all  loads,  and  only  hidden  by  the  principal  wave,  then,  consider* 
ing  that  these  hidden  small  ciuses  can  produce  large  effects  when 
conditions  favoring  resonance  arise,  it  is  evident  that  they  must  be 
carefully  watched  and  guarded  against  in  the  construction  of  long 
lines  possessing  distributed  capacity.  I  do  not  think  that  indicator 
diagrams  obtained  by  the  method  of  sliding  contact  are  capable 
of  giviiig  a  definite  answer  to  this  important  question. 

The  method  of  anal^'zing  alternating  current  waves  by  electrical 
resonance  whicli  I  employed  in  the  following  investigation  was 
suggested  by  me  a  year  ago^  It  is  the  object  of  this  paper 
to  describe  this  method  at  some  length,  and  to  illustrate,  by  some 
of  the  more  definite  results  so  far  obtained,  the  simplicity,  sen- 
sitiveness and  reliability  of  the  method.  I  shall  also  point  out  that 
this  method  of  resonance  analysis  works  quite  satisfactorily  even 
in  those  cases  alluded  to  above,  where  the  sliding  contact  method 
would,  in  all  probability,  fail. 

IT.    DfiSOBIFlION  OF  THE  MkTHOD. 

Consider  the  following  arrangement  of  circuits: — A  non-self- 
inductive  resistance  ab  Fig.  \a  is  inserted  in  the  circuit  of 
an  alternator  a  and  the  primary  b  of  a  transformer.  In 
shunt  with  od  is  a  circuit,  a,  c^  dj  &,  consisting  of  an 
inertia  coil,  0,  of  a  large  number  of  turns  of  copper  wire  of  low 
resistance,  about  10  ohms,  but  containing  no  iron,  and  a  con- 
denser, dj  d'vided  into  subdivisions  ranging  from  .001  m.  f.  up» 
In  shunt  with  the  condenser,  d,  is  an  electrostatic  voltmeter,  e. 
The  self-induction  of  the  coil,  <;, can  be  varied  by  throwing  a 
larger  or  smaller  number  of  its  sections  into  the  circuit.  The 
resistance  can  be  varied  by  a  rheostat,  /.  Suppose  now  that  the 
self-induction  oic  is  kept  constant,  and  that  the  capacity  of  the 
condenser  is  gradually  increased  from  zero  up.  Whenever  a 
capacity  has  been  reached  which,  with  the  self-induction  of  the 
circuit  a,  c^  dy  f  &,  a,  produces  resonance  with  one  of  the  har- 
monics in  the  main  circuit,  then  the  resonant  rise  of  potential  will 
produce  a  largo  deflection  in  the  voltmeter.      In  this  manner  all 

1.  M.  I.  Pupin,  "Electrical  Oscillations  of  Low  Frequency  and  their  Reso- 
nanta, '  Amenean  JouriuU  of  iicienee,  vol.  ulr,,  p.  429,  Mny,  1898. 
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the  harmoaios  which  are  preaent  in  the  carrent  of  the  main  cir* 
cait  can  be  detected  in  the  coarse  of  a  few  mintitea.  If  the  reio- 
natar  oirouUy  a,  o^  d^  f.  K  is  placed  in  shant  with  the  non- 
self-indaetive  circnit  (this  circnit  is  denoted  in  Fig.  \a  by  a  line 
beaded  with  asterisks  and  running  from  one  pole  of  the  alter- 
nator  to  the  other)  consisting  of  a  bank  of  incandescent  lamps, 
then  the  harmonics  of  the  impressed  electromotive  force  can  be 
detected  in  the  same  manner.  The  ratio  of  the  amplitudes  of 
these  harmonics  to  that  of  the  fundamental  can  also  be  de- 
termined by  this  method,  if  desirable,  provided  the  conditions  of 


Fie.  la. 


the  experiment  are  properly  arranged.     For  let  the  current  in  the 
main  circuit  be 

»  =  Oi  sin  pt  +  a,  sin  3  pt  +  -  .  •  .  +  »a  sin  a  pt  +  •  •  • 
then  the  drop  between  a  and  h  can  be  represented  by 

a  =  Ji  sin  pt  +  .  .  +  J^  sin  a  pt, 
where  ft^  =  ^a  ^j 

and  r  =  ohmic  resistance  between  a  and  h. 

Denoting  now  by 

L  the  self-induction  of  the  resonator  ac  d  f  h  a, 
B  the  resistance  of  the  resonator  a  c  d  f  J>  a. 
O  the  capacity  of  the  resonator  a  c  d  f  h  a^ 
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then  it  can  be  easily  shown^  that  the  current  in  the  resonator 
will  be 

h 


■^«"^(a^-^)"+* 


If,  therefore,  the  capacity  C  is  adjusted  in  such  a  way  that — 

^^y^—  Z  =  0, 

then  the  circuit  will  be  in  resonance  with  the  harmonic  of  fre- 
qnency  ap;  and  if  L  is  snfficiently  large  and  R  sufficiently 
small  (two  conditions  which  are  very  easily  fulfilled)  then  the 
current  y  is  to  within  a  small  fraction  of  a  percent,  given  by 

ha    . 

y  =  -^«n  «  pt 

The  amplitode  of  the  potential  difference  in  the  condenser 
which  is  measared  by  the  voltmeter  e  is  given  by 

p   _  a  P  L, 


In  the  same  way  we  obtain  for  the  fundamental  frequency 
Hence 


Pa         „ha         „% 
Pi  h  Oi 

This  gives  the  ratio  of  the  amplitude  a^^  of  the  harmonic  of 
frequency  a^  to  that  of  the  fundamental.    Let  a  =z  6,  then, 

The  voltmeter  readings  which  f^ive  P^  and  P^  magnify  that  ratio 
five  times,  in  the  case  of  the  fifth  harmonic,  and  it  can  be  easily 
seen  that  a  similar  relation  holds  true  for  other  harmonics.  This 
is  a  very  desirable  feature  of  the  method,  considering  that  the 
amplitudes  of  the  upper  harmonics  are  generally  small  in  com- 
parison to  the  amplitude  of  the  fundamental. 

When  quantitatively  very  accurate  results  are  desired,  then  a 
low  resistance,  say  one  ohm,  should  be  used  for  the  section  a  &, 

1.  For  further  infonnstion  see  the  suthors*8  paper  cited  above. 
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and  an  electrometer  ckpable  of  gi^^ing  a  large  deflection  for  abont 
ten  volts. 

The  principal  interest,  however,  in  the  study  of  the  distortion 
of  alternating  cnrrent  wave?,  is  centered  not  so  mnch  in  the  exact 
ratio  of  the  ainplitndes  of  the  harmonics  to  the  amplitade  of 
the  fundamental  wave,  as  it  is  in  the  causes  producing  these  har- 
monics, and  the  conditions  which  modify  the  effects  of  these 
causes.  Hence  a  quantitatively  less  accurate  arrangement  will  do, 
provided  that  it  is  very  sensitive,  simple  and  easily  manageable. 
Such  an  arrangement  is  given  in  Fig.  lb. 

It  differs  from  that  given  in  ifig.  \a  in  the  substitution  of  an 
air  core  transformer  coil  a'  V  for  the  non-self-indnctive  resistance 
a  h.    The  secondary  of  this  coil  forms  a  part  of  the  resonator 


circuit.  For  every  harmonic  of  the  inducing  cnrrent  we  shall 
have  a  harmonic  electromotive  force  of  the  same  frequency  in 
the  resonant  circuit.  By  varying  the  capacity  in  the  resonator 
and  watching  the  voltmeter  needle,  we  can  tell,  by  the  deflection 
of  the  needle,  whenever  we  have  reached  the  capacity  which, 
with  the  self-induction  of  the  resonator  brings  this  circuit  into 
resonance  with  one  of  the  harmonics.  A  reference  to  Fig.  9 
will  explain  this  more  clearly. 

In  this  figure  the  lower  horizontal  row  of  figures  refers  to  the 
two  peaked  curve,  the  upper  row  refers  to  the  dotted  flat-peaked 
curve.  The  vertical  colunm  denotes  the  voltmeter  readings  in  volte. 
Consider  now  the  two-peaked  curve.  It  expresses  tlie  law  of 
variation  of  the  voltmeter  readings  when  the  capacity  of  the  res- 
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onator  circuit  is  varied  from  0  to  2  microfarads,  the  self-induction 
bein^  kept  constant.    The  readings  are  recorded  in  Table  I. 

TABLE  T. 

^        .^    .  Voltmeter  readinss- 

CapMuty  m  m.  f.  j„  Volt«. 

.18  62 

.181  68 

.182 73.5 

.183  7^ 

.184  8^ 

.186  96 

.186  104 

.187  110^ 

.188  120 

.189  126^ 

.190  127 

.191  126 

.194 99 

.198  71 

.202  Verylow 

1.65  69 

1.70  89 

1.75  12a 

1.80  146 

1.808  ....; 146 

1.817  145 

1.897 96 

1.976  60^ 

The  voltmeter  employed  in  all  these  experiments  waff  a  Sir" 
William  Thomson's  multicellular  voltmeter  with  a  range  from  60* 
to  240  volts.  The  curve  was  obtained  from  a  10  h.  p.  Fort  Wayne 
eight- pole  alternator  with  smooth  core  armature  feeding  a  5  k.  w» 
Stanley  transformer  (closed  magnetic  circuit),  the  secondary  being 
open.  It  is  seen  that  resonance  took  place  at  .190  m.  f.  and  l.S 
M.  F.  The  capacity  of  the  inertia  coil  o'  Fig.  IJ,  and  of  the  volt- 
meter as  gathered  from  all  experimental  data  was  about  .011  m.f^ 
so  that  the  real  capacities  at  which  resonance  took  place  wer& 
.201  M.  F.  and  1.81  m.  f.,  that  is,  in  a  ratio  to  each  other  as  1:3^. 
It  will  be  seen,  however,  that  a  very  accurate  knowledge  of  capac*- 
ity  is  not  required  in  the  following  experiments. 

The  frequencies  detected  by  the  two-peaked  curve,  which  I 
shall  call  the  resonance  diagram,  were  the  fundamental  and  the 
first  odd  harmonic,  that  is,  the  harmonic  of  three  times  the  fre- 
quency of  the  fundamental.  The  resonance  diagram  has^  of 
coarse,  as  many  peaks  as  there  are'  frequencies  in  the  inducing 
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cnrrent.^  The  dotted  carve  (flat-peaked)  in  Fig  2  was  plotted 
on  an  enlarged  scale  from  the  readings  taken  in  detecting  the  first 
harmonic,  represented  by  the  sharp  peak  of  the  resonance  dia- 
gram, and  represents  this  peak  spread  ont,  so  as  to  show  how 
the  varions  readings  fit  into  a  well  defined  and  symmetrical 
curve  such  as  required  by  theory.  It  also  shows  that  a  condenser 
of  small  sob-divisions  mnst  be  employed  in  order  to  detect  higher 
harmonics.  Bat  it  should  be  observed  that  these  higher  har- 
monics can  also  be  detected  with  coarser  sub-divisions,  provided 
the  self-induction  of  the  inertia  coil  is  made  small  enough. 


Pig.  2. 


DESOEIFnON   OF   EXPERIMENTS. 

The  resonance  diagram  obtained  by  the  method  of  Fig.  1 } 
gives  the  number  of  harmonics  which  are  present  in  the  inda- 
<2ing  current.  It  does  not  give  the  exact  value  of  the  amplitades 
•of  these  harmonies.  It  would  be  somewhat  prematnre  to  discuss 
the  theory  of  the  resonance  diagram  obtained  by  this  arrange- 

1.  I  have  neyer  detected  an  even  harmonic  in  alternating  current  waves  pro- 
duced by  ordinary  commercial  alternating  current  apparatus,  and  conclude, 
th€a:eforep  that  such  harmonics  do  not  exist  there.  In  machines  of  perfectly 
symmetncal  construction,  even  harmonics  should  of  course  not  appear,  as  observed 
some  time  ago  by  Prof.  Ayrton.  Alternators  with  slotted  armatures  give  waves 
in  which  all  the  odd  harmonics  up  to  the  harmonic  of  nine  times  the  frequency 
of  the  fundamental  can  be  easily  detected.  As  a  nile  the  first  odd  harmonic 
is  the  strongest. 
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ment,  and  to  show  how  the  ratio  of  the  amplitudes  of  the  har- 
monics to  that  of  tlie  fundamental  frequency  of  the  inducing 
current,  that  is  the  exact  color  of  this  current,  could  be  calculated 
from  the  ratio  of.  the  height  of  the  peaks  in  the  resonance  dia- 
gram. Suffice  it,  for  the  present,  to  mention  only  that  the  peaks 
of  this  diagram  represent  the  amplitudes  of  the  harmonics,  mag- 
nified about  proportionally  to  the  square  of  the  frequency.  For 
instance,  the  resonance  diagram  in  Fig.  2  tells  us  that  the  ampli- 
tude of  the  first  odd  harnaonic  in  the  inducing  current  is  about 
one-ninth  of  the  amplitude  of  the  fundamental.     Hie  determir 
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nation  of  the  exact  value  of  this  ratio  was  not  the  object  of  the 
following  experiments.  Their  aim  was  to  detect  the  presence  of 
harmonics^  to  tra^e  their  origin  and  to  study  their  variation  with 
the  variation  of  the  load^  and  of  other  elements  of  the  circuit 
on  which  these  harmonics  seem  to  depend. 

Prelirnvnary  Tests. — In  order  to  form  an  estimate  in  how 
far  the  experimental  data  obtained  by  the  arrangement  of  Fig.  \Jb 
agreed  with  the  theory,  the  following  tests  were  applied. 

a.  Stud^f  of  the  damping  efect  of  the  dielectric  in  the  con- 
denser. 
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Let  Z  =  self-indnction  of  the  resonator  circuit. 

Let  H  =  resistance  of  the  resonator  circuit. 

Let  P  =  amplitude  of  the  diflference  of  potential  in  the  con- 
denser when  point  of  resonance  has  been  reached. 

Let  jF  =  amplitude  of   impressed  electromotive  force  in  the 
resonance  circuit : 
then  according  to  theory 

Hence  if  the  H  is  varied,  P  will  vary  also,  but  in  such  a  way 
that 

P  Ji  =  constant. 

That  is  to  say,  if  we  vary  the  resistance  of  a  resonant  circuit, 
and  tabulate  the  voltmeter  deflection  for  every  particular  resist- 
ance, and  then  plot  a  curve  taking  the  resistances  for  abscisssB, 
and  the  voltmeter  readings  for  ordinates  we  should,  according  to 
theory,  obtain  an  equilateral  hyperbola.  Curves  ii  and  m,  Fig. 
3,  were  obtained  that  way,  the  frequency  employed  was  that  of 
the  10  H,  p.  alternator,  that  is,  130  periods  per  second. 

TABLE  II. 


Reaisunce  in 

Voltmeter  Reading  with 

Voltmeter  Reading  with 

Theoretical  Value  of 

Ohms. 

a  Mica  Condenser. 

a  Paraffin  Condenser. 

Voltmeter  Reading. 

38 

X83 

T70 

225.6 

4« 

«5S 

148 

«44 

137 

134 

xsS 

147.8 

U 

"1 

1 30 
"3 

136 
126 

98 

105 

101 

no 

S 

?3 

l?1 

108 

76 

79-4 

X18 

7».S 

70 

72.6 

xa8 

67 

65 

65.5 

138 

63 

60 

60 

The  experimental  data  from  which  they  were  plotted  are  given 
in  Table  II.  Curve  11  was  plotted  from  voltmeter  readings  ob- 
tained with  a  mica  condenser.  Curve  iii  represents  tlie  corres- 
ponding readings  obtained  with  a  paraffin  condenser  and  given  in 
the  third  column  of  Table  II.  Curve  i  represents  the  theoretical 
curve,  which  would  have  been  obtained  if  the  law  of  variation  of  the 
voltmeter  readings  with  the  resistance  had  been  the  same  through- 
out as  it  was  at  low  readings.  On  account  of  the  damping  effect  due 
to  dielectric  viscosity  in  the  condenser,  a  deviation  from  the  above 
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mentioned  hyperbolic  relation  was,  of  course,  expected,  but  it 
was  quite  a  pleasant  surprise  to  iind  a  perfect  regularity  of  these 
deviations.  These  curves  indicate  a  rapid  increase  in  the  dielec- 
tric damping  with  the  voltage,  and  also  the  superiority  of  mica  to 
paraffin,  especially  at  higher^voltages.  They  also  suggest  that  at 
low  voltages  and  at  frequencies  over  a  hundred  periods  per  second, 
this  difference  between  the  two  substances  is  inappreciable. 
Similarly  the  damping  effect  of  the  magnetic  viscosity  of  iron  is 
small  at  low  magnetizations,  such,  for  instance,  as  would  be  pro- 
duced by  a  telephonic  current,  and  at  frequencies  which  are  well 
within  the  range  of  higher  telephonic  frequencies,  say  750  periods 
per  second.    It  is  well  to  point  out  here  that  electrical  resonance 


Fig.  4. 

offer*  a  very   convenient  method  for  studying  the  viscosity  of 
iron  and  of  dielectrics. 

Similar  curves  and  similar  results  were  obtained  with  higher  har- 
monics. This  experimental  test  shows,  therefore,  that  the  relative 
valnesof  the  amplitudes  of  the  harmonics  to  that  of  the  funda- 
mental frequencies  are  not  seriously  distorted  by  the  dielectric 
damping  of  the  condensers,  especially  when  one  operates  with 
moderate  voltages  as  was  the  case  in  the  following  experiments. 

(5).  JSecond  Test  of  the  Resonator  Indications.^This  test  is 
represented  graphically  by  diagram  Fig.  4.  Two  transformers  o 
and  D  had  their  secondaries  connected  in  series.  The  primary  of 
the  air-core  transformer  b  formed  a  part  of  their  circuit.     The 
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Becondary  of  this  traDsformer  was  a  part  of  the  resonator  f.  The 
transformer  c,  a  Stanley  5  k.  w.  (closed  magnetic  circnit)  was 
fed  by  the  10  h.  p.  alternator  mentioned  above  (130  p.  p.  s.),  the 
transformer  d,  of  induction  coil  type  with  a  cylindrical  core,  of 
fine  iron  wire,  was  fed  by  a  1  h.  p.  alternator  with  slotted  arma- 
ture (278  p.  p.  8.).  Both  alternators  were  run  simultaneously  at 
full  excitation.  First,  the  primary  circuit  of  the  large  alternator 
was  broken  so  that  the  current  in  the  circuit  ode  was  due  to  the 
action  of  the  small  machine  alone.  The  resonator  detected  a 
resonant  rise  of  240  volts  at  capacity  .407  m.  f.,  and  another  of 
150  volts  at  capacity  .044  m.  f.  •  These  were  evidently  the  funda- 
mental and  the  first  odd  harmonic.  Then  the  circuit  of  the  small 
machine  was  broken  and  that  of  the  large  machine  closed,  so  that 
the  current  in  the  resonator  was  due  to  the  action  of  the  large 
machine  alone.  The  resonator  detected  a  resonant  rise  of  220 
volts  at  capacity  1.78  m.  f.  This  corresponded  to  the  fundamen- 
tal  frequency  (130  p.  p.  s.)  of  the  large  machines.  Finally  both 
circuits  were  closed,  so  that  the  current  in  the  resonator  was  due 
to  the  simultaneous  action  of  the  two  machines.  The  same 
resonant  rises  of  potential  were  detected  hy  the  resonator  and  a( 
the  same  capacities  as  before^  in  perfect  agreement  with  theory. 
This  experiment  afforded  another  opportunity  of  testing  the 
theory  which  underlies  this  resonance  method  of  studying  the 
wave  curves  of  current  and  electromotive  force.  It  is  this:  If 
two  or  more  electromotive  forces  of  different  frequencies  are  im- 
pressed upon  the  resonator  circuit  and  their  resonant  rises  of  po- 
tential are  determined  for  a  given  resistance  in  this  circuit,  then, 
according  to  theory,  the  ratio  of  these  rises  should  remain  the 
same  for  all  other  resistances  within  the  limits  within  which  the 
periodicity  of  the  circuit  is  practically  independent  of  the  ohraic 
resistance.  Accordingly,  the  resistance  of  the  resonator,  f..  Fig. 
4,  was  varied  gradually  from  100  to  250  ohms,  and  the  resonant 
rises  of  potential  produced  by  the  fundamental  frequencies  of  the 
two  machines  (130  and  278,  p.  p.  e.)  were  carefully  determined 
for  each  particular  resistance.  The  ratio  of  these  rises  remained 
constant  to  within  five  per  cent.,  but  the  deviations  were  now  in 
one  direction  and  now  in  the  other,  and  they  were  undoubtedly 
due  to  the  variation  in  the  excitation,  and  the  speed  of  the  small 
machine,  both  of  which  depended  on  the  potential  of  the  electric 
mains  of  the  College  plant,  which,  of  course,  could  not  be  kept 
very  constant  for  so  long  an  interval  of  time  as  is  necessary  for 
this  experiment,  which  was  about  15  minutes. 
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It  is  interesting  to  observe  here  that  three  air-core  transformers 
like  E,  with  three  resonators  like'F,  when  placed  in  the  circuit,  o 
D  £,  and  each  resonator  tuned  to  one  of  the  frequencies  of  the 
circuit  represent  an  exact  analogy  of  Helmholtz's  well-known 
arrangement  of  accoustical  resonators  which  he  employed  in  the 
analysis  of  vowel  sounds.  The  variety  of  exceedingly  instructive 
experiments  which  one  can  perform  with  such  a  multiplex  resoi- 
nance  ci''cnit  is  very  large  and  most  interesting.  It  has  long 
formed  my  favorite  subject  for  an  extended  series  of  experiments 
whose  results,  however,  are  beyond  the  limits  of  this  paper.  In 
all  experiments  of  this  kind  the  voltmeter,  which  is  attached  to 
each  resonator,  performs  the  same  ofBce  as  Eonig's  sensitive 
manometric  flames  in  the  well-known  experiments  on  acoustical 
resonance,  and,  it  should  be  noted  here,  that  they  are  just  as  sen- 
sitive. In  fact,  in  electrical  resonance  experiments  one  is  con- 
tinually impressed  with  the  striking  resemblance  between  reso- 
nance phenomena  in  electricity  on  one  hand,  and  those  in 
sound  on  the  other.  This  resemblance  is  a  trusty  and  suggestive 
guide. 

{p).  Sympathetio  Resonance. — Now,  an  acoustical  resonator 
tuned  to  a  certain  pitch  will  respond  feebly,  to  be  sure,  but  dis- 
tinctly, to  a  simple  sound  of  a  frequency  which  is  an  exact  sub- 
multiple  of  its  own  frequency.  A  similar  phenomenon  might 
exist  in  electrical  resonance,  though  ordinary  alternating  current 
theory  does  not  lead  us  to  expect  anything  of  the  kind.  But 
some  experimental  results,  which  will  be  given  below,  led  me  to 
suspect  that  a  sort  of  sympathetic  resonance  might  exist,  that  is  to 
say,  a  simple  harmonic  current  might  perhaps  be  capable  of  pro- 
ducing by  induction  a  resonant  rise  of  potential  in  a  resonator, 
which  is  tuned  to  a  frequency  which  is  an  exact  multiple  of  the 
frequency  of  the  inducing  current.  If  that  were  the  case,  then  a 
resonant  rise  of  potential  in  a  resonator  would  not  necessarily  mean 
that  an  upper  harmonic  in  the  inducing  current  has  been  detected, 
and,  tlierefore,  the  indications  of  an  electric  resonator  might  be 
misleading.  To  investigate  this  point  the  air-core  transformers 
with  the  resonator  f,  Fig.  4,  was  connected  to  the  secondary  of 
the  5  K.  w.  transformer,  and  the  current  gradually  increased  by 
varying  gradually  an  electrolyte  resistance.  The  feeding  machine 
was  the  above-mentioned  10  h.  p.  alternator,  with  smooth  core 
armature.     Here  I  must  disturb  somewhat  the  logical  sequence  of 
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tbis  paper  by  stating  that  tbe  secondary  current,  produced  by  this 
tnachine  and  transformer,  when  flowing  through  a  nou-sclMndnc- 
tive  resistance  in  the  external  circuit  or  through  a  coil  of  small 
«elf-inductance  possessing  no  iron  core,  showed  under  ordinary 
tests  no  distortion  worth  mentioning.  But  when  the  secondary 
current  was  increased,  and  with  it  the  electromotive  force  induced 
in  the  resonator,  the  harmonics  began  to  appear  mpre  and  more 
distinctly.  When  the  secondary  current  was  11.5  amperes  and 
the  electromotive  force  induced  in  the  resonator  was  133  volts,  the 
resonant  rise  of  potential  was  as  follows: 

For  the  harmonic  of : 

8  times  thefreqaency  of  the  fundamental  the  potential  rose  from  133  to  155  volts. 
5      "  •'  "  "  "  "  133  to  130    " 

7      '*  **  "  "  "  "  faintly. 

9  *'  "  "  '*  **  "  not  perceptibly. 

The  resonant  rise  with  the  fundamental  frequency  would  have 
been  with  the  initial  potential  of  133  volts  several  thousand  volts, 
so  that  the  resonant  rises  obtained  for  the  upper  harmonics  were 
extremely  small  in  comparison.  The  conclusion  is,  therefore, 
that  if  such  a  thing  as  sympathetic  resonance  really  exists,  it  is  so 
feeble  at  small  initial  voltages  in  the  resonator  as  to  escape  de- 
tection. It  could,  therefore,  in  no  way  modify  the  resultd 
recorded  in  this  paper,  since  these  were  obtained  almost  invari- 
ably with  resonant  rises  of  potential  which  started  from  very 
£nmll  initial  voltage. 

These  preliminary  experimental  tests  demonstrate  clearly  that 
A  resonator  of  the  type  given  in  Fig  lb  is  quite  capable  of  detect- 
ing all  the  frequencies  that  may  exist  in  an  alternating  current 
wave,  that  its  indications  are  in  good  agreement  with  the  theory 
as  far  as  the  fundamental  frequency  is  concerned,  and  that  it  gives 
OS  a  fairly  approximate  idea  of  the  relative  strength  of  the  har- 
monics. Additional  evidences  proving  the  correctness  of  its 
indications  will  be  found  among  the  results  of  the  following  ex- 
periments. 

IV.     Location  of  the  Origin  of  Upper  Harmonics. 
S,     experiments  with  alternator  of  smooth  core  armature. 

Ist  Series. — The  first  set  of  experiments  in  this  direction  was 
performed  with  the  10  h.  p.  Fort  Wayne  8-pole  alternator  with 
smooth  core  armature,  and  the  Stanley  5  k.  w.  transformer 
(closed  magnetic  circuit).     The  secondary  circuit  was  open  and  a 
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Oardew  voltmeter  indicated  the  secondary  voltage.  The  current 
which  excited  the  field  of  the  alternator  was  gradually  increased. 
The  secondary  voltage  measured  the  strength  of  this  excitation. 
The  air-core  transformer  with  the  resonator  was  inserted  into  the 
primary  circuit  as  indicated  in  Fig.  1  J.  The  resonant  rise  of  po- 
tential, recorded  by  the  multicellular  voltmeter  e\  was  carefully 
determined  at  every  excitation  for  the  fundamental  frequency 
and  the  first  odd  harmonic.  Higher  harmonics  were  present, 
but  very  faint.  The  results  are  given  in  Table  IV.  and  plotted 
in  Fig.  5.  The  initial  voltage  in  the  resonant  circuit  was  small, 
just  perceptible  in  the  multicellular  voltmeter. 


TABLE  IV. 


Secondary  Voltage. 

Resonant  Rise  in  Volts  Due 

Resonant  Rise  in  Voltji  Due 

to  the  Fundamental. 

to  the  Fi»«t  Odd  Hannonic. 

'i 

i2a 

58 

130 

65 

I' 

'3$ 

7a 

66.75 

;s 

86 

l^ 

94 

II 

170 

104 

»75 

no 

97 

'85 

"Z 

104 

«95 

laS.s 

The  curves  in  Fig.  6  were  plotted  from  this  table  by  taking 
the  readings  of  the  first  column  for  the  abscissae  and  the  cor- 
responding readings  of  the  second  and  third  columns  for  ordi- 
nates.  The  upper  curve  corresponds  to  the  fundamental  and  the 
lower  curve  to  the  harmonic.  The  two  curves  are  two  straight 
Unes  parallel  to  eqc'h  other,  vfhich  means  that  the  fundamental 
and  the  harmonic  increase  at  the  same  rate  from  nearly  one  third 
excitation  to  full  excitation  of  the  alternator.  This  result  I  did 
not  expect,  but  i^s  correctness  was  verified  beyond  all  reason- 
able doubt. 

The  same  series  of  experiments  was  extended  to  lower  excita- 
tions of  the  alternator,  but,  since  I  had  no  low  reading  alternating 
<iurrent  voltmeter,  the  excitation  was  measured  by  measuring  the 
-exciting  field  current.  This  current  was  10  amperes  at  full  excita- 
tion and  the  series  of  experiments  extended  down  to  1.5  amperes, 
hence  to  nearly  one-seventh  of  the  full  excitation.  To  bring  the 
readings  of  the  resonant  rises  of  potential  within  the  scale  of  the 
multicellular  voltmeter  at  low  excitations  the  number  of  turns  in 
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the  air-core  transformer  was  suitablj  increased.  Within  all  these 
limits  of  excitation,  both  the  fundamental  and  the  harmonic  in- 
creased at  the  same  rate  and  proportionally  to  the  excitation. 
This  curious  relation  I  mistrusted  at  first  and  suspected  the 
existence  of  something  like  sympathetic  resonance  mentioned 
above.     But  all  experimental  evidence  is  in  favor  of  its  correctness^ 
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2c?.  Series. — To  delermiue  whether  the  presence  of  the  har- 
monic was  due  to  the  action  of  the  transformer  or  to  that  of  the 
alternator,  the  transformer  was  disconnected,  and  two  series  of  in- 
candescent lamps,  connected  in  parallel,  were  substituted  in  its 
place.  Each  series  consisted  of  13  lamps,  each  about  24  o.  p.  The 
resonator,  with  its  air-core  transformer,  remained  in  circuit  as  be- 
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fore.  First  one  series  of  lamps  was  placed  in  circuit.  The  rise 
due  to  the  fundamental  was  stronger  than  in  the  preceding  ex- 
periments, but  that  due  to  the  harmonic  was  exceedingly  faint. 
When  both  series  of  lamps  were  thrown  in,  the  harmonic  ap- 
peared a  trifle  stonger,  but  still  very  weak.  Hence  the  inference 
that  the  harmonic  was  due  almost  exclusively  to  the  action  of  the 
transformer. 

It  should  be  observed  here  that  the  alternator  armature, 
though  well  laminated,  runs  fairly  hot  in  a  short  time,  hence  it 
mnst  be  the  seat  of  a  decidedly  strong  hysteretic  process.  On  the 
other  hand,  the  transformer  does  not  heat  nearly  as  much  as  the 
alternator  armature,  and  yet  its  action  produces  the  harmonic. 
This  certainly  seems  to  speak  strongly  against  the  view  that 
harmonics  are  due  to  hysteresis.  Other  evidences  against  this 
view  will  be  given  below. 

id  Sei'iee. — A  series  of  experiments  with  open  magnetic 
circuit  transformers  of  induction  coil  type  in  place  of  the 
lamps,  showed  the  harmonic  much  stronger  than  the  lamps  did, 
but  weaker  than  the  experiments  with  the  transformer  of 
closed  magnetic  circuit.  Although  I  have  not  succeeded  in  ob- 
taining accurate  numerical  comparisons  between  the  two  types  of 
transformers  in  this  respect,  one  thing  is  certain,  and  that  is, 
closed  magnetic  circuit  transformers  distort  under  similar  condi- 
tions the  primary  current  considerably  more  than  transformers 
with  open  magnetic  circuits;  on  the  other  hand,  in  the  first  case 
the  distortion  is  confined  almost  entirely  to  the  primary  circuit, 
when  the  secondary  is  closed  by  a  non-self-inductive  resistance, 
whereas  in  the  second  case  it  is  felt  in  the  secondary  circuit  also, 
though  considerably  less  than  in  the  primary. 

The  general  conclusion  of  this  group  of  experiments  may  be 
summed  up  as  follows : 

I.  A  ferric  self-inductance  in  circuit  with  an  alternator  which 
gives  a  simple  harmonic  electromotive  force,  distorts  the  current 
by  introducing  higher  odd  harmonics,  principally  the  harmonic 
of  three  times  the  frequency  of  the  fundamental. 

II.  This  harmonic  (and  in  all  probability  all  other  harmonics) 
increase  at  the  same  rate  as  the  fundamental  when  the  excitation 
increases,  the  rate  of  increase  being  up  to  4000  o.  g.  s.  lines  of 
force  per  sq.  cm.  proportional  to  the  intensity  of  magnetic  induc- 
tion in  the  core  of  the  ferric  inductance. 
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III.  When  this  ferric  induction  is  a  transformer,  then  the  dis- 
tortion appenrs,  but  not  seriously,  in  the  induced  secondary 
electromotive  force ;  if  the  transformer  has  an  open  magnetic  cir- 
cuit, it  does  not  appear  there  to  any  extent  worth  considering  if 
the  magnetic  circuit  is  a  closed  one. 

IV.  A  practically  simple  harmonic  electromotive  force  is  pro- 
duced by  alternators  with  smooth  core  armatures,  even  if  the  ma- 
chine is  worked  at  considerable  degrees  of  magnetization  of  the 
armature  core. 

B.      EXPERIMENTS   WITH    ALTERNATOR   OF   SLOTTED   CORE   ARMATIJEE 

TYPE. 

The  machine  employed  in  these  experiments  was  tlie  1  h.  p. 
alternator  mentioned  above.  It  is  a  16-pole  madiine ;  its  arma- 
ture is  a  Crocker-Wheeler  1  h.  p.  motor  armature  wound  for  600 
volts.  It  gives  at  full  excitation,  and  the  S|>eed  at  which  I  usu- 
ally ran  it  in  these  experiments  about  1,500  volts.^  The  trans- 
former connected  with  it  was  of  induction  coil  type  with  a  cylin- 
drical iron  core  made  up  of  very  carefully  insulated  thin  iron 
wire.  The  same  series  of  experiments  were  performed  as  under 
group  A.  The  first  series  in  this  group  gave  exactly  the  same 
results  as  the  corresponding  series  in  group  a.  The  excitation 
varied  f ron>  one-seventh  of  the  full  to  the  full  excitation ;  the 
amplitude  of  the  fundamental  and  the  first  odd  harmonic*  varied 
at  the  same  rate  during  the  whole  interval,  so  that  a  parallel  pair 
of  straight  lines  like  those  in  Fig.  5  could  be  plotted  in  this  case 
also.  The  second  series  resulted  in  the  conclusion  that  the  har- 
monic was  very  strong  and  due  in  a  very  large  measure  to  the 
action  of  the  armature,  and  not  to  that  of  the  transformer  as  in 
the  other  case,  although  the  transformer,  also,  contributed  a  dis- 
tinct but  small  measure  to  the  strength  of  the  harmonic.  The 
third  series  showed  that  the  harmonic  appears  in  the  secondary  of 
an  open  magnetic  circuit  transformer,  although  considerably 
weaker,  but  does  not  appear  there  to  any  appreciable  extent  when 
the  magnetic  circuit  is  a  closed  one. 

To  tlie  four  conclusions  given  at  the  end  of  the  series  of  experi- 

1.  A  more  coniplete  description  of  this  machine  and  the  transformer  will  be 
found  in  Amer.  Jour,  of  l^cUnce,  June,  1893,  p.  510,  etc.  Owing  to  the  accident 
which  somewhat  impaired  the  insulation  of  the  armature  the  machine  was  run 
last  year  at  low  excitation,  and  hence  low  voltage,  although  tlie  speed  was  then 
considerably  higher. 

2.  The  second  odd  harmonic,  that  is  the  harmonic  whose  frequency  is  five 
times  that  of  the  fundamental,  w^as  there  but  weak. 
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ments  under  group  a  we  raay,  therefore,  add  the  following  addi- 
tional conclusionB : — 

V.  An  alternator  witli  slotted  core  armature  produces  a  com- 
plex harmonic  electromotive  force  in  which  the  upper  harmonic 
of  three  times  the  frequency  of  the  fundamental  is  generally  by 
far  the  strongest. 

VI.  The  amplitudes  of  the  fundamental  and  the  harmonic 
increase  at  the  same  rate  with  the  increase  of  excitation  ;  this  rate 
is  proportional  to  the  excitation,  that  is  to  say  proportional  to  the 
magnetization  of  the  armature. 

VII.  A  feiTic  inductance  in  circuit  with  a  slotted  iron  core  ' 
armature  introduces  no  new  harmonics.     It  seems  to  strengthen 
those  already  existing  in  the  electromotive  force,  fhat  is  odd  har- 
monics, especially  the  first  odd  harmonic. 

The  same  conclusions  will  evidently  hold  true  for  alternators 
of  ordinary  types,  that  is  alternators  whose  armature  is  made  up 
of  coils  wound  on  iron  cores  which  are  bolted  to  a  cylindrical 
iron  drum  common  to  all  of  them. 

V.     Effect  of  the  Load  Upon  the  Harmonics. 

It  is  a  well-known  fact  that  the  distortion  of  the  primary  cur- 
rent disappears  gradually  with  the  increase  of  the  secondary  load, 
that  is  when  the  external  part  of  the  secondary  circuit  is  a  non- 
self-inductive  resistance.  The  question  arises  now,  what  becomes 
of  the  harmonics  which  produce  the  distortion  in  the  primary 
when  the  secondary  current  increases  ?  The  following  experi- 
ments seem  to  answer  this  question  definitely. 

The  arrangement  of  circuits  was  that  given  in  Fig.  1  b.  The 
secondary  circuit  of  the  large  5  k.  w.  transformer  contained  an 
electrolyte  resistance  and  the  secondary  current  was  measured 
by  means  of  a  Siemens  electro-dynamometer.  For  every  particu- 
lar value  of  the  secondary  current  the  resonant  rises  of  potential 
due  to  the  harmonic  and  the  fundamental  were  carefully  deter- 
mined by  means  of  the  multicellular  voltmeter.  Table  V.  con- 
tains the  observations  relating  to  the  harmonic  of  three  times  the 
frequency  of  the  fundamental ;  Table  VI.  relates  to  the  funda- 
mental (130  p.  p.  s.).  The  apparatus  employed  was  the  large 
alternator  and  the  5  k.  w.  transformer. 
,  Table  VI.  requires  explanation.  When  the  secondary  current 
was  over  3.6  amperes  the  resonant  rise  of  the  fundamental  was 
too  high  for  the  voltmeter  employed,  and  also  too  risky  for  the 
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Secondary  Current  in 
Amperes. 

Resonant  Rise  of  the  Har- 
monic in  Volts. 

o 
6.9 

1 

68 

8.5 
"5 
>S-7 
90 

a8 

Te 

it 

97 
lao 
i6«.5 
20a 

TABLE  VL 


Secondary  Current 
in  Amperes. 


3-6 

6.7 
9.0 

>7.3 
97.0 

X. 


Resonant  Rise  of  the 

Fundamental  in  Volts 

(observed). 


80 
340 

132 
150 

aoo 
200 
x35 

160 


Auxiliary  Resistance 

m  the  Resonator 

in  Ohms. 

Resonant  Rise  of  the 

Fundamental  in  Volts 

(calculated). 

0 

80 

0 

50 
50 

ICO 
3IO 

240 

^8.5 

410 

5«o 

4,«a7 
5,100 

condenser.  An  auxiliary  resistance  had  to  be  introdaced  into 
the  resonator  to  bring  the  resonant  rise  down  to  the  limits  of  the 
voltmeter.  These  auxiliary  resistances  are  given  in  the  third 
column.  The  readings  that  would  have  been  obtained  without 
these  auxiliary  resistances  wei*e  then  calculated,  roughly,  as  fol- 
lowg: — According  to  theory  which  was  verified  by  experiments 
described  in  the  beginning  of  this  paper,  the  resonant  rise  malti- 
plied  by  the  resistance  of  the  resonator  gives  a  constant  product 
for  all  resistances  as  long  as  the  period  of  the  resonator  is  prac- 
tically independent  of  these  resistances.  The  resistance  of  the 
resonator  coils  was  16  ohms.  Hence  if,  for  instance,  x  denote 
the  rise  which  would  have  been  obtained  without  auxiliary  resist- 
ance in  the  resonator  when  the  secondary  current  was  5  amperes, 
then  since  with  an  auxiliary  resistance  of  50  ohms  the  resonant 
rise  was  122  volts  we  have  with  a  rough  approximation. 

^  =  122  X  66  ^  503  volts. 
16 

In  this  manner  the  figures  of  the  fourth  column  were  obtained. 
They  are  only  very  rongh  approximations,  but  still  they  give  a 
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very  fair  idea  of  the  ratio  of  the  fundamental  to  the  upper  har- 
monic at  various  loads.  Cnrves  i  and  ii,  Fig.  6  were  plotted  from 
these  data. '  The  secondary  amperes  were  taken  for  the  abscissae 
and  the  corresponding  resonant  rises  in  volts  for  the  ordinates. 
Ourve  ni  represents  curve  ii  plotted  on  a  different  scale  for  the 
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Fig.  6. 


"^olte  of  the  resonant  rise  of  potential.  These  are  given  in  the  right 
hand  vertical  column  of  the  diagram.  This  curve  gives  a  better 
picture  of  the  gradual  apparent  increase  of  the  harmonic.  An 
inspection  of  i  and  ii  shows  clearly  how  much  more  rapidly  the 
fundamental  increases  than  the  harmonic.     In  reality  the  increase 
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u  even  more  rapid;  for  according  to  Table  V  it  appears  as  if  the 
strength  of  the  harmonic  increased  with  the  secondary  current, 
only  much  less  rapidly  than  the  fundamental.  For  'instance,  at 
open  secondary  the  voltmeter  indicated  65  volts  for  the  resonant 
rise  of  the  fundamental ;  and  at  56  amperes  in  the  secondary  this 
rise  was  indicated  by  202  volts.  But  it  must  he  noted  that  in  the 
pVxt  case  the  tfoltmeter  needle  went  from  practically  zero  at  no 
7*esona?ice,  to  62  when  resonance  was  reached;  whereas  in  the 
second  case  it  went  from  135  volts  at  no  resonance  to  202  volts 
whifn  resonance  was  readied^  so  that  the  real  reso?iant  rise  was 
practical}/  the  sarn^.  iii  both  cOfSes.  Similarly  for  all  other  loads 
in  the  secondary.  It  follows,  therefore,  that  if  the  harmonic 
increased  at  all  with  the  increase  of  the  load,  this  increase  was 
much  smaller  than  appears  at  first  sight  from  the  data  of  Table 
V.  The  more  important  conclusion^  however^  which  follows 
from  this  expervnent^  and  which  I  wish  to  point  out  more  par- 
ticularly^ is  Diat  the  harmonic  which  manifests  itself  in  the  dis- 
tortion of  the  primary  current  when  there  is  no  load  in  the  sec- 
ondary  is  present  at  all  loads^  if  not  stronger y  tlien  certainly  with 
about  the  same  strength.  At  fdl  load  this  harmonic  covld  not 
possibly  be  detected  by  Jovherfs  method  of  sliding  cdhta^t;  it  is 
so  exceedingly  small  in  comparison  to  the  fundamental. 

This  persistence  of  harmonics  at  all  loads  even  when  com- 
pletely hidden  by  the  fundamental  wave  holds  true  also  when 
their  origin  can  be  traced  to  the  action  of  the  a/rmaiure  of  the 
generator  as  in  the  case  of  the  machine  with  slotted  iron  core 
armature.  In  all  cases  their  strength  seems  to  depend  upon  the 
mean  intensity  of  magnetizatioyi  of  the  magnetic  circuits  to 
which  they  owe  their  origin  and  upon  nothing  else. 

Another  somewhat  more  difficult  but  very  instructive  way 
of  proving  the  persistence  of  the  harmonics  is  represented 
in  Fig.  7.  In  circuit  with  the  primary  of  the  large  machine 
and  transformer  described  above  are  two  equal  air-core  trans- 
formers, a  b  and  a'  b\  By  means  of  a  double  switch  either 
one  of  the  two  can  be  made  a  part  of  the  resonating  circuit,  c,  <f, 
f  A  number  of  condensers,  d,  in  series,  are  connected  across 
primary  circuit  as  indicated.  The  two  air-core  transformers,  a  J, 
and  a'  b\  will  be  equivalent  when  the  resonator  v«»ltmeter, «, 
gives  the  same  indications,  no  matter  which  one  of  tiie  two  trans- 
formers be  connecteii  to  the  resonator.  This  balanced  arrangement 
having  been  obtained,  the  balance  will  be  disturbed  as  soon  as 
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the  condenser,  d,  is  plugged  in,  and  it  will  be  disturbed  in  a  great 
variety  of  ways,  according  to  the  capacity  plumed  in.  But  when 
the  transformer,  b,  is  of  closed  magnetic  circuit  type,  then  tha 
resonator  indications  remain  practically  the  same  as  long  as  the 
resonator  is  switched  on  the  air-core  transformer  a'  h\  no  matter 
what  capacity  is  plugged  in  the  condenser,  d.  When  tha 
resonator  is  switched  on  the  air-core  transformer,  a  &,  then  its 
indications  will  be  different  for  every  particular  capacity  in  d.. 


Fig.  7. 


In  fact  the  circuit  a,  a,  &,  d,  a,  can  be  treated  as  an  entirely  sepa- 
rate  circuit  from  the  circuit  a,  a\  b\  b,  a. 

This  statement  needs  practically  no  modification  in  order  to 
cover  that  case  also  in  which  the  self-inductance  of  the  prim- 
ary of  B  is  diminished  by  putting  a  non-self-inductive  load  on  the 
secondary.  This  utter  disagreement  between  theory  and  experi- 
ment deserves  a  closer  discussion,  but  since  its  connection  with 
the  subject  of  this  paper  is  only  an  indirect  one  I  prefer  to 
reserve  it  for  some  other  time.  That  which  has  a  direct  bearing 
upon  the  present  discussion  is  the  method  which  the  above  men- 
tioned relation  oflEers  for  observing  the  variation  of  the  harmonics 


546  PUPIN  ON  BSaONANCB  ANAL  7SIS.  [May  18, 

with  the  load,  without  the  disturbing  indnctive  effect  of  the  large 
primary  cnrrent.  It  is  this :  Connect  the  air-core  transformer 
a  h  (and  with  it  the  resonator,)  in  series  with  the  condenser.  Add 
to  this  series  an  auxiliary  coil  c  (no  iron  core).  By  the  combination, 
thus  obtained,  bridge  the  primary  circuit,  so  that  in  place  of  the 
simple  condenser  bridge  d  given  in  Fig.  7  there  will  be  a  bridge 
consisting  of  condenser  n,  the  air-core  transformer  a  h  and  the 
auxiliary  coil  c.  The  office  of  the  auxiliary  coil  will  be  explained 
presently.  The  secondary  o  b^ing  open,  time  the  circuit  consisting 
of  the  alternator  armature,  the  primary  conductors  up  to  the 
bridge,  and  the  bridge,  to  any  one  of  the  harmonics.  The  tuning 
is  done  by  means  of  varying  the  capacity  of  the  condenser  and  the 
self-inductance  of  the  auxiliary  coil.  Then  close  the  secondary 
circuit  by  means  of  an  electrolyte  resistance  and  vary  the  second- 
ary current.  It  will  be  found  that  the  harmonic  diminislies  only 
slightly  with  the  increase  of  the  secondary  load.  As  an  example 
I  give  the  following :  The  circuit  just  mentioned  was  tuned  to 
the  harmonic  of  five  times  the  frequency  of  the  fundamental,  that 
is  650  p.  p.  8.  At  no  load  the  resonator  indicated  a  rise  of  108 
volts,  at  full  load  the  rise  was  94  volts.  But  this  drop,  small  as 
it  was,  might  have  been  caused  by  armature  reaction. 

Whatever  the  ultimate  meaning  of  the  appearance  and  the  per- 
eistanoe  of  the  odd  hannonics  in  an  alternating  current  wave  may 
be,  I  am  not  quite  prepared  to  state  with  any  high  degree  of  con- 
fidence. One  thing  is  cet'tain,  and  that  is  that  they  are  present  at 
all  loads  vnth  almost  undiminished  strength.  Their  presence  is 
hidden  hy  the  fundamental  wave  at  heavy  loads^  hut  when  con- 
ditions favoring  resonance  with  any  one  of  them  arise  they  wUl 
certainly  come  out  and  do  aU  the  mischief  they  can  to  the  insula- 
tion. The  self-induction  of  a  motor  or  that  of  a  closed  magnetic 
circuit  transformer  has  practically  no  bearing  upon  the  conditions 
of  their  resonance.  These  conditions  depend  in  such  circuits 
solely  upon  the  self-induction  of  the  alternator  on  the  one  hand, 
and  the  self-induction  and  static  capacity  of  the  line  on  the  other. 
According  to  the  experiments  just  described,  the  resonant  current 
is  confined  entirely  to  the  alternator  and  the  line,  the  dielectric 
forming  a  part  of  its  circuit.  These  observations  will  be  modified 
in  the  case  of  transformers  with  open  magnetic  circuits  and  their 
equivalents,  that  is,  closed  magnetic  circuits  possessing  considerable 
magnetic  leakage,  especially  when  the  conditions  of  the  line  favor 
resonance  with  the  fundamental  frequency,  this  frequency  being 
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low;  such  magnetic  circnits  possess  mncli  less  magnetic  sluggish- 
ness and  can  influence  considerably  the  conditions  of  resonance 
with  a  low  frequency. 

VI. — DlSTOBTION   OF  THE   SbOONDAEY   CuBEENT. 

It  was  pointed  out  that  the  superposition  of  harmonics  upon 
the  fundamental  wave  was  confined  to  the  primary  circuit  when 
the  secondary  is  closed  by  a  non-self-inductive  resistance,  that  is, 
if  the  transformer  is  of  closed  magnetic  circuit  type.  With  an 
open  magnetic  circuit  transformer,  the  deviation  of  the  primary 
current  wave  from  the  simple  harmonic  form,  due  to  action  of 
the  generator  or  the  transformer  or  both,  is  felt  more  or  less  in 
the  secondary  current  also.  If,  however,  the  secondary  is  closed 
by  a  ferric  self-inductance,  then  odd  harmonics  will  appear  in 
this  circuit  also  in  both  types  of  transformers.  In  fact,  the 
secondary  circuit  should  now,  as  far  as  the  harmonics  are  con- 
cerned, be  considered  as  a  separate  circuit,  in  which  the  second- 
ary coil  of  the  transformer  and  the  ferric  inductance  in  the 
secondary  circuit  play  the  same  part  as  the  armature  of  the  alter- 
nator and  the  transformer  play  in  the  primary  circuit. 

The  series  of  experiments  which  related  to  the  origin  and 
growth  of  harmonies  in  the  secondary  circuit  was  exactly  the 
same  as  the  one  described  above,  by  means  of  which  the  so-called 
distortion  of  the  primary  current  was  studied.  The  results 
were  the  same.  The  presence  of  harmonics  is  due  to  the  action 
of  the  ferric  inductance  ;  their  strength  increases  proportionally 
to  the  intensity  of  magnetization  of  the  iron  in  the  ferric  induc- 
tance. They  seem  to  be  entirely  independent  of  hysteresis,  that 
is,  if  by  hysteresis  the  process  be  understood  by  means  of  which 
most  of  the  heat  is  generated  in  a  very  finely  laminated,  well  in- 
sulated  and  well  annealed  iron  core,  when  such  a  core  is  sub- 
jected to  rapid  reversals  of  magnetism.  I  shall  describe  briefly 
an  experiment  bearing  upon  this  point.  The  secondary  circuit 
of  the  five  k.  w.  transformer  was  closed  by  an  electrolyte  resist- 
ance, and  a  short  cylindrical  coil  having  about  120  turns  coarse 
copper  wire.  A  short  cylindrical  core  made  up  of  very  fine 
(No.  26  B.  and  S.),  and  well  annealed  iron  wire  could  be  inserted 
into  this  coil.  The  core  was  40  cm.  high  and  5  cm.  in  diameter. 
The  wires  were  fairly  well  insulated  from  each  other.  A  layer  of 
fine  copper  wire  surrounding  this  coil  formed  part  of  the  reson- 
ator circuit.    First,  the  secondary  current  was  passed  through 
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the  coil  before  the  iron  core  was  inserted.  The  resonator  oonld 
detect  no  harmonic  worth  mentioning  even  when  the  current 
was  increased  almost  to  full  load.  But  as  soon  as  the  iron  core 
was  introduced  the  odd  harmonics  appeared,  especially  the  third 
harmonic ;  its  strength  increased  proportionally  to  the  current. 
Placing  now  another  similar  iron  core  on  the  top  of  the  first,  and 
adjusting  it  in  such  a  way  that  it  allowed  a  small  rocking  motion 
the  two  cores  could  be  set  into  violent  vibration  by  the  induc- 
tive action  of  the  current  which  gave  a  very  loud  note  corres- 
ponding in  pitch  to  the  frequency  of  the  alternator.  The 
vibration  could  be  stopped  by  pressing  the  top  core  against  the 
lower  core  and  against  the  table.  The  vibration  produced  no  ap- 
preciable difference  in  the  strength  of  the  harmonic ;  if  anything 
it  seemed  to  make  it  stronger.  This  experiment  seems  to  me  to 
render  the  theory,  which  ascribes  the  origin  of  harmonics  to  the 
hysteretic  action  of  iron,  completely  untenable. 

I  do  not  think  that  the  proper  time  has  arrived  yet  for  the  for- 
mulation of  a  physical  theory  which  will  give  a  complete  account 
of  the  peculiar  behavior  of  iron,  by  means  of  which  it  superposes 
odd  harmonics  upon  the  wave  of  a  simple  harmonic  current. 
The  view  which  irresistibly  suggests  itself  to  my  mind  is  simply 
this :  Upper  harmonics  will  be  generated  whenever  more  or  less 
abrupt  changes  of  the  n)agnetic  state  in  any  part  of  the  magnetic 
field  through  which  an  alternating  current  flows  occur.  A  slotted 
core  armature  or  an  armature  made  up  of  coils  with  iron  cores 
distributed  over  a  drum  common  to  all  of  them  will  introduce 
such  abrupt  changes.  An  alternating  current  motor,  especially 
when  it  is  not  of  a  smooth  core  armature  type,  will  also  cause 
abrupt  changes  of  magnetism  and  hence  cause  strong  deviations 
of  the  feeding  current  from  the  simple  harmonic  form.  But  if 
this  view  be  correct,  then  every  complete  cycle  of  magnetization 
to  which  iron  is  subjected  when  under  the  inductive  action  of  a 
simple  harmonic  current  must  be  accompanied  by  some  abrupt 
changes  in  magnetism,  and  that,  too,  whether  the  mean  noagnetie 
intensity  of  the  cycle  be  large  or  small.  A  great  many  things  may 
be  suggested  which  could  account  for  such  cyclic  abrupt  changes. 
One  thing  is  certain  and  that  is,  that  hysteresis,  as  commonly 
understood,  will  not  account  for  them  ;  for  these  peculiar  abrupt 
cyclic  changes,  if  they  really  exist  and  are  the  cause  of  harmonics, 
are  not  affected  by  mechanical  vibrations  by  which,  as  is  well 
known,  all  hysteretic  effects  are  influenced  very  much.    B'ut 
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"whatever  the  real  theory  underlying  these  upper  harmonies  may 
he^  the  hare  fact  which  the  engineers  have  to  face  is :  There 
is  no  cure  against  harmonics  a^s  long  as  the  circuits  contain  iron. 
Hence  construct  your  lines  in  such  a  way  that  conditions  favor- 
ing resonam.ce  with  the  frequency  of  the  fv/ndamental  or  with 
one  of  its  odd  upper  ha/rmonics  will  seldom  occur ^  and  whenever 
they  do  occur  the  resona^nt  rise  of  potential  should  not  be  capa- 
ble of  producing  any  dama^ge.  Avoid  slotted  armat/ures  and 
armatv/res  with  projecting  pole-pieces  and  keep  the  m^agnetization 
down  as  much  as  possible. 

VII.  Fluctuations  of  thb  Rotaby  Field. 

Before  closing  this  paper  I  will  describe  briefly  the  applica- 
tioD  of  the  resonance  method  of  analysis  to  the  study  of  the  in- 
tensity flnctnations  of  a  rotary  magnetic  field.  The  investiga- 
tion was  carried  ont  by  two  students  of  the  Electrical  Department 
of  Columbia  College,  at  my  suggestion,  and  will  be  published  in 
the  near  future.  The  method,  briefly  stated,  is  this :  A  suita- 
ble number  of  turns  of  wire  are  subjected  to  the  induction  of  a 
rotary  magnetic  field.  These  turns  form  part  of  a  resonator. 
Whatever  fluctuations  there  be  in  intensity  of  the  rotary  field 
they  will  be  periodic,  their  period  bearing  a  perfectly  definite 
ratio  to  the  periodicity  of  the  current  which  produces  the  rotary 
field.  For  instance,  in  a  three-phase  combination  of  alternating 
currents,  the  intensity  of  the  rotary  field  will,  according  to 
theory,  show  six  maxima  and  six  minima  during  each  complete 
revolution,  the  maxima  differing  from  the  minima  by  about 
14  per  cent.  A  circuit,  subjected  to  the  inductive  action  of 
such  a  field  should  have  a  periodic  electromotive  force  induced 
ill  it  whose  frequency  will  be  either  three  or  six  times  the  fre- 
cjnency  of  the  fundamental,  according  to  the  shape  of  the  curve  of 
fluctuations.  Similarly  in  a  rotary  magnetic  field  produced  by  a 
two-phase  combination  of  alternating  currents.  If  such  elec- 
tnnnotive  forces  were  induced  the  resonator  would  detect  them, 
and  from  the  resonant  rise  of  potential  the  extent  of  the  fluctua- 
tions producing  these  electromotive  forces  could  be  estimated. 

No  electromotive  forces  of  this  type  were  detected  in  either  a 
tri-phase  or  a  two-phase  combination.  Hence  the  inference: 
Rotary  mxignetic  fields  produced  hy  reasonably  well  conetructed 
machines  are  not  accompanied  hy  fluctuations  in  their  intensity . 

1  n  conclusion  I  wish  to  thank  my  friend.  Professor  H.  A. 
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Storre  of  the  University  of  Vermont,  who  daring  his  whole  stay 
at  my  laboratory  this  year  was  always  anxious  to  aid  me  in  my 
work  in  a  most  ready  and  disinterested  way.  His  most  efficient 
assistance  was  of  the  greatest  value  to  me. 
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Discussion. 

Pkof.  Anthony: — On  account  of  the  lateness  of  the  hour,  I 
will  confine  myself  to  just  one  point,  although  I  would  like  very 
much  to  have  something  to  say  about  this  most  beautiful  methoa, 
and  these  results  that  Dr.  Pupin  has  brought  forth.  I  want  to 
say  one  word  about  the  rotary  field.  I  never  could  see  any  rea- 
son why  the  rotary  field  should  be  distorted  or  irregular.  It  seems 
to  me  tliat  all  these  statements  that  there  was  an  irregularity  in  the 
rotary  field  were  based  upon  the  idea  that  the  two  quarter-phase 
vibrations  were  compounded  in  a  straight  line,  just  as  though  we 
had  a  vibration  following  along  there,  and  another  following  along 
in  the  same  way.  But  here  we  have  two  vibrations  at  right 
angles  to  each  other.  Here  is  a  vibration  in  the  horizontal  plane 
and  another  in  the  vertical  plane,  and  exactly  as  in  the  two  tun- 
ing forks  we  ought  to  get  a  perfect  circle,  not  a  complicated  vibra- 
tion, but  the  compound  vibration  ought  to  continually  change  its 
angle  and  remain  constant. 

The  President  : — Of  course  the  members  are  aware  of  the 
fact  that  the  Transautions  are  open  to  them  for  the  publication 
of  any  proper  criticism  to  be  made  of  any  of  the  papers. 

Mb.  Steinmetz  : — I  was  very  much  interested  in  rrof .  Pupin's 
valuable  paper  on  these  nigher  harmonics.  Havhig  had 
some  occasion  to  investigate  these  higher  harmonics  I  may  quote 
some  of  my  experience.  I  think  the  cause  of  this  discrepancy 
between  the  different  kinds  of  higher  harmonics,  those  produced 
by  the  generator  and  those  produced  by  the  transformer,  is  the 
fact  that  the  ones  are  higher  harmonics  of  the  electromotive 
force,  the  others  higher  harmonics  of  the  current.  Thus  the 
higher  harmonics  of  the  generator  wave  are  higher  harmonics  of 
the  electromotive  force,  and  follow  the  laws  of  electromotive 
forces,  while  the  others  do  not  follow  these  laws,  not  being 
electromotive  forces.  This  explains  quite  a  number  and  probably 
most  of  the  differences  between  the  one  and  the  other. 

The  wave  of  the  alternating  current  generator  may  be  nearly 
a  sine  wave,  may  be  distorted  from  sine  shape  due  to  the  shape 
of  the  magnetic  field  in  the  alternator  and  so  on.  This  distorted 
wave  of  electromotive  force  can  be  dissolved  into  a  fundamental 
sine  wave  and  a  number  of  higher  harmonics  of  frequencies, 
triple,  quintuple,  and  so  on.  These  different  components  will 
follow  the  same  law.  We  have  in  the  circuit,  resistance,  inducjt- 
ance  and  capacity,  and  according  to  the  conditions  of  the  circuit 
these  various  harmonics  will  be  affected. 

Take  a  non-inductive  circuit ;  the  current  will  be  proportional 
to  the  E.  M.  F.  and  in  the  wave  of  the  current  all  the  various 
harmonics  of  the  b.  m.  f.  will  show  up  in  the  same  proportion. 
The  harmonics  of  the  generator  are  transformed  by  the  trans- 
former, whose  magnetism  depends  upon  the  impressed  e.  m.  f., 
and  closely  follows  its  variations.  Thus  these  higher  harmonics 
of  e.  m.  f.  reappear  in  the  secondary. 
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Take  the  ease  of  an  inductive  resistance,  that  is,  of  an  induc- 
tion motor  or  some  apparatus  like  this  :  In  an  inductive  resist- 
ance a  ciirrent  will  now  which  is  less  than  corresponds  to  the 
true  ohmic  resistance,  due  to  the  counter  e.  m.  f.  of  self-induction. 
The  reactance  of  self-induction,  however,  is  proportional  to  the 
frequency,  consequently  three  times  as  large  for  the  triple,  and 
five  times  as  large  for  the  quintuple  harmonic.  Thus  the  wave 
of  current  produced  bv  the  multiple  harmonic  of  the  generator 
no  longer  shows  these  higher  harmonics  in  the  same  proportion. 
It  shows  them  in  a  decreased  manner — a  decrease  aue  to  the 
effect  of  self-induction.  Thus,  if  you  have  a  motor  in  the 
secondary  of  the  transformer,  the  motor  circuit  will  not  show 
the  harmonic  any  more,  or  at  least  not  in  the  same  strengths  as 
the  generator  on  a  non-inductive  resistance. 

It  is  different  with  a  condenser  in  the  circuit.  In  a  condenser 
the  current  is  proportional  to  the  e.  m.  f.  and  the  frequency ; 
consequently  it  would  be  higher  for  these  higher  harmonics. 

In  other  words  with  a  condenser  in  the  circuit  of  a  generator, 
whose  E.  M.  F.  wave  contains  higher  harmonics,  the  current  wave 
will  show  these  harmonics  accentuated,  while  in  an  inductive 
circuit  they  will  be  more  or  less  suppressed  in  the  current  wave, 
and  pass  unaffected  in  a  non-inductive  circuit.  You  see  that  you 
can  get  all  kinds  of  phenomena,  according  to  the  relative  propor- 
tion of  non-inductive  resistance,  inductance  and  capacity,  fiut  still 
you  always  get  the  same  thing ;  different  e.  m.  f.  waves  acting 
upon  the  same  circuit,  and  the  current  produced  by  these  waves 
independently  superimposed  upon  each  other  to  the  resultant 
current. 

It  is  quite  different  with  the  second  class  of  harmonics,  the 
liieher  harmonics  of  current. 

if  on  a  transformer,  a  sine  wave  of  e.  m.  f.  is  impressed,  the 
magnetism  must  be  a  sine  wave  also,  if  the  impedance  is  negligi- 
ble, because  the  counter  e.  m.  f.  being  equal  to  the  impressed 
E.  M.  F.  but  opposite,  and  equal  to  the  change  of  magnetism, 
requires  that  the  magnetism  oe  a  sine  wave.  If  the  e.  m.  f.  is  a 
sine  wave,  the  current  can  not  be  a  sine  wave,  but  the  current 
micst  be  distorted  due  to  the  effect  of  hysteresis,  that  is,  due  to 
the  lack  of  proportionality  between  current  and  e.  m.  f.,  and 
this  distortion  of  the  current  wave  means  the  production  of 
higher  harmonics,  and  the  amplitude  of  the  higher  harmonics 
with  regard  to  the  fundamental  depends  upon  the  difference ; 
the  lack  of  proportionality  between  current  or  m.  m.  f.,  and 
magnetism.  Thus,  in  an  open  circuit  transformer,  where  the 
reluctance  is  nearly  all  air,  you  find  the  amplitude  of  these 
higher  harmonics  of  current  very  much  less  in  proportion  to  the 
fundamental  than  in  a  closed  circuit  transformer;  or  ratlier 
in  a  closed  circuit  transformer  the  fundamental  is  less,  while 
the  higher  harmonic  is  the  same  as  in  the  open  circuit 
transfoimer   (other   things   being  equal),   and  thus  the  higher 
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harmonics  will  more  and  more  disappear  in  their  relation 
to  the  fundamental  by  an  increase  in  the  fundamental  due  to 
open  magnetic  circuit,  or  due  to  the  increase  of  load  on  the 
secondary.  Such  cases  are  shown  in  my  paper  on  "  Hysteresis, 
Part  III.,"  which  I  propose  to  read  presently.  You  will  see  that 
this  harmonic  is  merely  produced  hj  the  necessity  of  the  current 
to  maintain  a  sine  wave  of  magnetism  ;  this  is  a  secondary  phe- 
nomenon, and  has  no  "  stability,"  that  is,  no  existence  inde- 
pendent of  the  conditions  producing  it. 

It  is  obvious  that  these  latter  niffher  harmonics  can  not  be 
brought  to  resonance,  like  the  higher  narmonics  of  the  generator 
E.  M.  F.,  since  they  are  no  e.  m.  f.'s  at  all,  and  only  e.  m.  f.'s  can 
be  brought  to  resonance. 

If  the  generator  does  not  give  a  sine  wave,  but  a  wave  which 
contains  higher  harmonics,  and  if  it  feeds  a  transformer,  which, 
due  to  the  discrepancy  between  magnetizing  current  and  mag- 
netism, gives  higher  harmonics  also,  jou  get  a  circuit  containing 
higher  harmonics  of  e.  m.  f.,  and  higher  harmonics  of  current, 
which  according  to  the  circumstances  may  either  aid  or  oppose 
each  other. 

The  experiment  showing  that  the  hysteresis  does  not  cause 
anv  distortion  in  the  alternator  armature  proves  nothing,  because 
it  is  quite  possible  that  there  is  no  hysteresis  in  the  armature  of 
the  generator.  There  is  a  waste  of  energy  by  molecular  mag- 
netic friction  ;  but  molecular  magnetic  motion  is  not  identical 
with  hysteresis  as  I  have  shown  in  my  second  paper  on  hys- 
teresis.^ Magnetic  hysteresis  is  the  disproportionality  between 
magnetomotive  force  and  magnetism,  as  the  name  signifies,  and 
this  disproportionality  is  produced  if  upon  the  alternating  mag- 
netic circuit  no  external  energy  is  expended,  since  energy  is 
consumed  in  the  circuit  by  the  molecular  magnetic  friction, 
which  energy  must  be  supplied  from  somewhere,  and  in  the 
absence  of  any  other  source  of  energy  is  supplied  by  the  mag- 
netomotive force  in  the  form  of  magnetic  hysteresis.  But  this 
energy  may  be  supplied  by  mechanical  energy,  and  this  is  the 
case  in  the  smooth  core  machine,  and  thus  we  may  not  find  any 
hysteresis,  any  disproportionality  between  magnetic  field  strength 
and  magnetomotive  force. 

In  a  transformer,  the  iron  core  is  indeed  set  in  vibration  by 
the  alternating  magnetism,  but  this  vibration  cannot  supply  the 
energy  consumed  by  molecular  friction,  and  thus  can  not  elimi- 
nate hysteresis,  because  this  vibration  is  produced  by  the  alter- 
nating magnetomotive  force,  and  has  the  effect  of  intensifying 
the  loss  of  energy — increasing  the  area  of  the  hysteretic  loop  by 
the  loss  of  energy  in  mechanical  vibration,  thus  intensifying  the 
higher  harmonics,  since  now  energy  is  expended  not  only  by 
molecular  magnetic  friction,  but  also  by   mechanical  vibration. 

1.  Transactions,  vol.  ix,  pp.  712-716. 
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Proof  of  this  increase  of  hysteresis  by  mechanical  vibration  due 
to  the  alternation  of  the  raagnetism  I  have  also  shown  in  uiy 
second  paper  on  hysteresis.^ 

Witli  regard  to  the  ratio  of  the  amplitude  of  the  higher  har- 
monics to  tlie  fundamental,  I  have  in  the  paper  which  I  propose 
to  read,  a  number  of  such  higher  harmonics,  construed  from 
theoretical  reasons,  from  the  cycle  of  hysteresis,  but  I  do  not 
find  a  strict  proportionality.  It  is  proportional  within  a  verv 
limited  range  only,  and  I  believe  the  exact  proportionality  whicn 
Prof.  Pupin  found,  is  due  to  this  very  limited  range  of  magnetiza- 
tion used  in  his  experiments.  So  {bx  as  I  imderstand,  he  used 
densities  up  to  -ff  =  4,000  only.  But  the  proportion  changes 
very  much  when  you  go  higher.  I  had  a  chance  to  go  very  high 
— to  go  to  ^  >  20,000.  But  I  found  that  at  these  aensities,  the 
higher  harmonics  are  so  enormous,  that  occasionally  they  obscure 
the  fundamental  altogether.  You  get  this  effect,  if  yon  take  a 
transformer  built  for  125  cycles  and  50  volts,  and  run  tliis  trans- 
former at  25  cycles  and  lOO  volts,  whereby  the  effective  mag- 
netization will  go  up  beyond  B  =  25,000.  Then  the  exciting 
current  gets  enormous  and  gets  utterly  distorted,  and  you  can 
just  detect  that  there  is  a  fundamental  left,  but  the  most  of  the 
cuiTent  is  higher  harmonics. 

With  regard  to  this  much  discussed  phenomenon  of  resonance,, 
let  us  see  what  it  really  means,  and  whether  it  is  a  separate 
phenomenon  at  all,  or  merely  a  special  case  of  a  well-known 
phenomenon. 

You  know  that  if  you  insert  in  an  alternating  circuit  a  self- 
induction,  the  self-induction  will  consume  an  e.  m.  f.  lagging 
behind  the  impressed  e.  w.  f.  by  90^,  or  a  quarter  period.  The 
resistance  will  consume  an  e.  m.  f.  in  opposition  to  tne  impressed 
E.  M.  f.  ;  and  a  condenser  inserted  in  tne  circuit  will  take  a  cur- 
rent leading  90°. 

Now  consider  what  takes  place  if  you  have  a  circuit  closed  by 
a  condenser,  that  is  a  circuit  whose  curi-ent  leads  the  e.  m.  f.  by 
90^  or  a  quarter  period,  and  have  in  series  with  that  condenser, 
self-induction. 

By  self-induction,  a  counter  k.  m.  f.  is  induced  which  lags  90** 
behind  the  current.  But  the  current  is  90°  ahead  of  the  im- 
pressed e.  m.  f.  Thus,  the  counter  e.  m.  f.  of  self-induction  is  in 
phase  with,the  impressed  e.  m.  f.  and  adds  itself  thereto.  Hence, 
the  effective  e.  m,  f.  is  increased  by  the  self-induction  being 
brought  into  phase  with  the  impressed  e.  m.  f.,  and  if  this 
increase  is  excessive,  we  call  it "  resonance,"  but  it  is  nothing 
different  from  the  action  of  the  choking  coil,  which  produces  a 
counter  e.  m.  f.,  90°  behind  the  current  and  thereby,  according 
to  the  phase  relation  between  current  and  impressed  e.  m.  f., 
either  reduces  the  e.  m.  f.,  if  the  current  is  lagging,  or  increases 
the  E.  M.  F.  if  the  current  is  leading. 

1.  Transactions,  vol.  ix,  p.  715. 
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Thus,  if  you  take  a  condenser  with  an  impressed  e.  m.  f.  of 
say  100  volts,  and  suppose  the  condenser  takes  10  amperes. 
Now  insert  a  self-induction  which  with  10  amperes  current  will 
produce  a  counter  e.  m.  f.  of  100  volts  ;  this  counter  e.  m.  f.  of 
100  volts  is  now  due  to  the  lead  of  the  current,  in  phase  with 
the  impressed  100  volts,  adds  itself  thereto  and  thus  gives  200 
volts  at  the  condenser  terminals,  with  100  volts  impressed  at  the 
generator.  These  200  volts  will  double  the  current  and  you  get 
20  amperes  through.  These  20  amperes  will  induce  a  counter 
E  M.  F.  of  self-induction  of  200  volts.  Then  you  get  400  volts 
at  the  condenser  terminals.  That  means  40  amperes  and  400 
volts  at  the  self-induction.  So  you  see  that  the  self-induction  in 
series  will  raise  the  condenser  e.  m.  f.  infinitely,  that  is,  until  the 
increase  of  current  causes  the  resistance  to  consume  the  total 
impressed  e.  m.  f. 

X  ou  see  it  is  nothing  but  our  well-known  old  friend  self- 
induction  introducing  an  e.  m.  f.  lagging  90°  behind  the  current 
and  thereby  affecting  the  impressed  e.  m.  f.  according  to  the 
phase  relation  of  the  current. 

Mk.  Kennelly  :— While  this  paper  appears  to  give  us  valuable 
information  concerning  an  important  method  of  analysis  of  alter- 
nating electromotive  forces  and  currents,  it  also  generally  attacks 
Fleming's  theory  of  distortion  of  the  current  wave  in  alterna- 
ting current  circuits,  and  I  beg  to  submit  that  in  spite  of  all  that 
has  been  said  in  this  paper,  and  without  impugning  in  an^  way 
any  of  the  observations  recorded  there,  the  evidence  is  not  in  any 
way  conclusive  that  the  existing  theory  is  wrong.  I  do  not  mean 
to  say  that  the  existing  theory  is  right,  because  I  hope  it  is  not. 
I  hope  it  is  so  far  incomplete  that  there  is  much  more  to  learn. 
But  it  is  one  thing  to  say  a  theory  is  right,  and'  another  to  say  it 
is  wrong,  and  I  do  not  think  that  the  evidence  here  is  at  all  con- 
clusive that  the  theory  is  wrong,  partly  for  reasons  brought  up 
by  Mr.  Steinmetz,  and  partly  for  the  reason  that  the  beautiful 
method  employed  by  Dr.  Papinis  necessarily  and  fundamentally 
weak  in  one  very  important  particular,  namely,  that  while  it 
brings  out  the  harmonic  in  any  periodic  current  of  electromotive 
force,  it  does  not  bring  out,  and  cannot  bring  out,  the  phase  rela- 
tions of  those  harmonics,  and  that  consequently  you  can  have  a 
large  harmonic  in  an  alternating  current  electromotive  force  or 
current  strength,  and  the  shifting  of  its  phase  will  produce  an 
enormous  difference  in  the  shape  of  the  wave,  whetner  it  is  in 
step  with  the  fundamental  or  whether  it  is  not  in  step,  and  as 
you  shift  it  along,  the  consequences  which  will  be  produced  on  the 
shape,  and  on  the  results  of  that  shape,  may  be  so  great  as  to  totally 
defeat  the  conclusions  that  you  would  base  on  your  observations. 

Dr.  Pdpin  :— I  think  that  I  have  distinctly  referred  to  an  ex- 
periment which  met  the  objection  of  Mr.  Kennelly,  and  that  is 
that  the  phase  relations  had  nothing  to  do  with  the  amplitude  of 
the  harmonics,  as  determined  in  my  investigations.     No  more 
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than  it  makes  any  difference  in  the  analysis  of  acoustic  vibrations 
by  means  of  lielmholtz's  resonators,  whether  the  phase  rela- 
tions between  the  various  harmonic  components  of  a  vxymplex 
sound  be  this  or  that.  As  mentioned  in  my  paper,  we  really  care 
very  little  for  the  exact  shape  of  the  alternating  current  wave. 
What  we  want  is  the  relative  value  of  the  amplitude  of  the  har- 
monics, and  we  do  not  even  care  whether  these  harmonics  be  in 
phase  with  the  fundamental  or  not,  provided  that  phase  directions 
will  not  affect  our  results,  and  experiment  has  shown  that  they 
do  not. 

I  have  not  attacked  Prof.  Fleming's  theory  of  the  generation 
of  harmonics  by  hysteresis.  I  brought  facts  which  seem  to  me 
to  be  difticult  to  reconcile  with  the  hysteresis  theory  of  harmonics. 
In  fact,  I  do  not  really  see  on  what  foundation  rests  Prof. 
Fleming's  theory  of  the  generation  of  harmonics  by  hysteresis. 
Nor  do  I  see  that  there  is  a  sufficiently  strong  foundation  for 
any  other  theory.  Every  investigator,  oi  course,  has  some  tempo- 
rary ])hysica]  theory  of  the  phenomena  which  he  investigates ; 
but  he  generally  keeps  it  to  himself  as  a  suggestive  guide.  If  he 
chooses  to  offer  it  to  others  it  is  always  with  a  view  of  inducing 
them  to  test  its  validity.  Such  a  theory  seems  to  me  to  be  Prof. 
Fleming's  theory  of  the  hysteretic  distortion  of  alternating  cur- 
rents, and  1  fail  to  see  any  objection  to  a  reasonable  criticism  of 
it.  Mr.  Kennelly's  remarks  led  me  to  think  that  in  hi?  opinion 
Prof.  Fleming's  theory  is  beyond  criticism,  or  that,  at  any  rate, 
my  criticism  of  it  is  not  a  reasonable  one.  I  do  not  think  that  Mr. 
Kennelly's  discussion  of  my  paper  can  justify  any  one  of  these  two 
views  on  his  part. 

Mr.  8teinmetz  states  that  my  experiments  with  vibrating  and 
otherwise  mechanically  disturbed  cores,  seem  only  to  throw  some 
doubt  on  the  hysteresis  theory,  but  that  in  reality  they  do  not 
affect  it  in  the  least.  Hysteresis  is  affected  by  mechanical  vibra- 
tions, according  to  experiments  of  Prof.  Ewing  and  Prof.  Ryan. 
Hence  if  hysteretical  processes  are  affected  by  "mechanical  vibra- 
tions, and  harmonics  are  due  to  a  hysteretic  action,  then  there 
ought  to  be  some  connection  between  them.  That  is,  the  har- 
monics being  generated  ought  to  be  diminished  or  affected  in 
some  way  by  mechapical  vibrations ;  but  they  are  not.  To  get 
out  of  the  wav  of  this  difficulty,  Mr.  Steinmetz  simply  states  that 
it  is  not  that  hysteresis  which  is  affected  by  mechanical  vibrations 
that  causes  a  distortion  of  an  alternating  current  wave,  but  an 
entirely  different  kind  of  hysteresis,  namely  molecular  friction  ! 
A  very  ingenious  way  of  arguing !  But  making  new  hypotheses 
in  order  to  get  out  oi  the  way  of  old  difficulties  seems  to  me  to 
help  matters  very  little.  I  prefer  to  face  the  difficulties  and  try 
to  clear  them  away  by  experimental  evidences  rather  than  by 
skilful  manipulation  of  neat  hypotheses. 

1  am  very  sorry  that  I  did  not  undei*stand  the  rest  of  Mr. 
Steinmetz'  discussion.     It  seemed  to  me  that  what  he  wished  to 
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say  was  to  explain  things  that  I  thought  were  perfectly  plain  to 
everybody.  We  all  know  that  self-induction  will  offer  a  larger 
impedance  to  higher  than  to  lower  harmonics  There  is  nothing 
new  in  that.  So  far  as  his  explanation  of  electrical  resonance  is 
concerned,  it  may  be  very  good  according  to  his  own  taste.  It 
certainly  does  not  suit  mine.  I  do  not  think  that  anybody  has 
looked  upon  electrical  resonance  as  something  which  is  outside 
the  well-known  laws  and  well-known  phenomena.  Electrical 
resonance  is  an  ordinary  every  day  affair.  At  any  rate  I  always 
tried  to  represent  it  as  such,  and  I  am  sorry  that  Mr.  Steinmetz 
has  not  succeeded  in  catching  my  meaning.  I  am  quite  sure  that 
I  wrote  a  very  popular  paper  on  the  subject  over  a  year  ago,  and 
am  rather  surprised  to  find  Mr.  Steinmetz  so  anxious  about  the 
possibility  of  having  people  look  upon  electrical  resonance  as 
something  mysterious. 

Mb.  SxErNMETz  : — I  think  Mr.  Kennelly  is  perfectly  right,  be- 
cause what  interests  us  is,  how  high  will  the  e.  m.  f.  go,  and  so  it 
is  of  importance  to  know  whether  the  different  component  waves 
will  reach  their  maximum  at  the  same  time,  or  whether  they 
will  overlap  each  other,  so  that  when  one  is  high,  the  other  is 
low,  and  that  the  sum  total  will  not  be  increased  or  will  even  be 
reduced. 

Djb.  Pupin  : — I  beg  your  pardon,  I  wish  to  correct  your  state- 
ment right  here.  If  we  have  a  certain  number  of  frequencies, 
and  the  line  is  in  resonance  with  one  of  them,  it  cannot  at  the 
same  time  be  in  resonance  with  another.  It  is  only  in  that  case 
that  we  could  have  an  overlapping  of  these  different  amplitudes. 

Mb.  Steinmetz  : — I  do  not  think  you  understood  me.  If  you 
have  a  fundamental  of  say  10,000  volts,  and  superimpose  a  triple 
harmonic  of  10,000  volts,  you  will  either  get  20,000  volts,  or  you 
may  get  almost  nothing  if  they  so  against  each  other  I  mean 
the  overlapping  of  the  one  higher  harmonic,  which  is  in  reso- 
nance, with  the  fundamental,  which  is  already  quite  high. 

With  regard  to  the  difference  between  molecular  f nction  and 
hysteresis,  and  the  proof  that  these  are  entirely  different  phe- 
nomena, which  have  directly  nothing  to  do  witn  each  other,  I 
may  refer  to  my  second  paper  on  Hysteresis,  where  I  think  I 
brought  conclusive  proof  of  my  statement,  and  to  my  present 
paper,  where  I  fully  discuss  the  matter. 

The  Pbesident  :' — If  there  is  no  other  discussion  we  will  pro- 
ceed to  the  next  paper.  I  wish,  however,  to  give  Mr.  Binney 
the  floor.     I  believe  he  has  a  resolution  to  offer. 

Mb.  Haboij)  Binney  : — Mr.  Chairman,  this  is  the  resolution 
proposed : 

"  Hesolvedj  that  a  special  committee  be  appointed  to  prepare 
"  appropriate  letters  of  thanks." 

[The  resolution  vas  adopted,  and  the  President  appointed  Mr. 
Harold  Binney,  Dr.  M.  I.  Pupin  and  Dr.  Louis  Duncan,  members 
of  the  Committee.] 
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Thb  President: — A  committee  was  appointed  to  consider 
some  rales  goTemin^  installations.  I  will  ask  the  Chairman, 
Mr.  W.  J.  Hammer,  for  a  report. 

Mr.  Hammer  : — Copies  of  the  report  which  were  sent  by  the 
Secretary  of  the  National  Electric  Light  Association  have  been 
distributed  and  doubtless  yon  have  all  received  them.  In  behalf 
of  the  Committee  I  present  the  following  report : 

Philadelphia,  Pa.,  May  18,  1894. 
Mr.  President  and  Gentlemen: — 

Tour  Committee  to  whom  was  referred  the  question  of  the  advisability  of 
indorsing  the  Standard  Rules  for  Electric  Construction  and  Operation  of  the 
National  Electric  Light  Association,  beg  to  report  that  the  scope  and  character 
of  these  Rules  preclude  the  possibility  of  the  Committee's  giving  the  matter 
sufficient  attention  in  the  limited  time  at  their  disposal,  and  at  this  time  recom- 
mend such  action  on  the  part  of  the  Institute. 

We  however  wish  to  express  our  hearty  appreciation  of  the  importance  and 
value  of  such  work  as  that  carried  out  by  the  National  Electric  Light  Associa- 
tion and  the  advisability  of  securing  the  adoption  of  one  code  of  Rules  which 
shall  be  acceptable  to  all  electrical  insurance  and  other  interests. 
Approved, 

(Signed)    William  J.  Hammer,  Chairman, 
N.  W.  Perry. 
A.  B.  Kennellt. 
Chas.  p.  Steinmetz. 

I  wish  to  say  just  one  word,  and  tliat  is,  that  I  think  this  is  all 
that  the  National  Electric  Light  Association  desired  or  expected 
as  an  expression  from  the  Institute,  and  that  in  all  probability 
before  the  next  edition  of  this  report  is  issued  by  the  Association 
some  joint  action  will  be  secured  by  the  co-operation  of  the 
insurance  or  underwriters'  interests  and  the  Amebican  Intittjtb 
OF  Elkctrioal  Engineers,  in  order  to  secure  this  much  to  be 
desired  adoption  of  one  single  report  which  can  be  generally 
acceptable. 

[On  motion  the  report  was  accepted.] 

In  the  absence  of  the  author,  Mr.  Kennelly  read  the  following 
paper  by  Dr.  Louis  Bell : 


A  Paptr  ^tstmitd  at  the  eUventk  General  Meet- 
ing if  the  American  Institute  of  Electrical 
Engineers,  Philadelphia^  May  iSthy  1894.  Presi- 
dent Houston  in  the  Chair. 


SOME  FACTS  ABOUT  POLYPHASE  MOTORS. 


BY   LOUIS   BELL,  PH.  D. 


In  connection  with  the  long  distance  transmission  of  power, 
most  engineers  will,  I  think,  agree  with  me  in  the  position  tliat 
alternating  current  motors  of  some  kind,  and  of  alternating  cur- 
rents preferably  the  polyphase  variety,  are  almost  a  necessity. 
We  have  been  forced  to  their  use  by  the  exigencies  of  long  dis- 
tance service,  which  compel  either  the  total  abandonment  of 
continuous  current  or  its  use  under  very  embarrassing  conditions. 

There  has,  however,  been  a  tendency  to  look  upon  the  poly- 
phase motor  as  a  somewhat  undesirable  resort  to  which  we  have 
been  driven  by  long  distance  work.  Such  indeed  was  my  own 
belief  from  a  priori  reasoning,  and  before  I  had  obtained  that 
practical  knowledge  of  the  subject  which  can  only  come  from 
personal  experience  both  with  the  design  and  application  of  any 
class  of  apparatus.  By  such  experience,  and  by  the  commercial 
demands  which  have  been  coming  in  with  steadily  increasing 
frequency,  I  have  been  forced  into  taking  the  position  that  the 
polyphase  motor  is  intrinsically  preferable  to  the  continuous  cur- 
rent motor  for  a  vast  majority  of  all  the  uses  to  which  such 
machinery  may  be  applied. 

At  present,  appearances  indicate  that  not  only  will  the  poly- 
phase motor  displace  direct  current  apparatus  for  most  long  dis- 
tance transmission  plants,  but  will  prove  a  formidable  competitor 
in  all  applications  of  motors  to  industrial  purposes,  and  this,  al- 
though the  polyphase  apparatus  is  the  growth  of  only  a  few 
years,  while  the  direct  current  motor  is  the  outcome  of  more  than 
a  decade  of  experience. 

We  may  then,  in  instituting  a  comparison  between  polyphase 
and  direct  current  motors,  consider  the  various  properties  which 
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a  good  motor  of  any  kind  must  necessarily  have.  Mechanically 
speaking,  we  would  all  agree  that  it  should  be  simple  in  construc- 
tion, strong,  not  liable  to  frequent  or  considerable  repairs,  con- 
venient in  form  and  not  excessive  in  weight.  As  re^rds  its 
properties,  it  should  in  general  run  cool,  stand  overloading  Nvith- 
out  serious  danger,  run  at  a  nearly  constant  speed,  or  be  capable 
of  considerable  variation  in  speed  if  necessary.  It  should  be 
capable  for  certain  uses  of  sudden  and  violent  exertion,  and  of 
easily  changing  its  direction  of  rotation.  In  a  purely  electrical 
way,  it  should  be  simple,  efficient  both  at  high  and  low  loads,  and 
should  not  take  excessive  amounts  of  current  either  in  starting  or 
in  running. 

This  reprt'sonts  a  difficult  list  of  conditions  to  fulfil  with  any 
one  motor,  but  I  believe  they  can  be  met  better  by  polyphase 
than  by  direct  current  machines.  A  direct  current  motor,  for 
instance,  of  a  given  construction  and  reasonable  weight,  cannot 
both  run  at  a  constant  speed  independent  of  load  in  a  particular 
case,  and  at  the  same  time  be  capable  of  running  at  a  wide  variety 
of  other  speeds.  It  usually  will  not  stand  considerable  overloads 
without  sparking,  and  at  the  same  time  give  a  fair  efficiency  at 
low  loads  ;  and  so  one  might  go  on  piling  up  difficulties.  The 
polyphase  motor,  too,  cannot  meet  all  these  conditions  with  equal 
success,  but  examining  them  one  by  one,  you  will  find  that  on 
the  whole  we  can  obtain  very  excellent  results. 

Taking  up  seriatim  the  desiral)le  properties  which  I  have 
enumerated,  and  applying  them  to  polyphase  motors,  we  find  as 
regards  the  first  count,  that  their  construction  is  singularly  free 
from  complexity.  They  consist  in  general  of  two  concentric 
masses  of  lamination  forming  respectively  the  field  magnet  and 
armature.  The  armature  is  assembled  on  its  shaft  much  as  in 
direct  current  machinery,  while  the  field  laminations  are  held 
together  by  a  clamping  spider  of  very  simple  construction.  The 
bearings  are  supported  either  on  end  spiders  fitted  to  the  field 
spiders  by  lathe  work  only,  or  on  pillow  blocks  of  the  ordinary 
kind.  Commutator  and  commutator  connections  there  are  none> 
nor  should  there  be  collecting  rings  except  in  rare  instances. 
The  armature  need  be  exposed  only  to  low  voltages,  and  should 
preferably  be  wound  with  a  comparatively  small  number  of  rather 
massive  conductors,  united  at  the  ends  either  by  a  single  plate  or 
by  very  simple  connectors,  the  latter  form  being  preferable.  The 
field  winding  is  usually  in  a  greater  number  of  coils  than  is  a 
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direct  current  field  winding,  but  each  coil  has  a  comparatively 
small  number  of  convolutions,  making  the  total  winding  by  no 
means  complicated. 

In  lieu  of  the  starting  rheostat  of  the  direct  current  motor,  we 
have  a  starting  resistance  which  should  preferably  be  placed 
within  the  armature,  and  consists  of  a  few  zig-zags  of  metal 
united  at  one  end,  and  connected  at  the  other  to  three  or  more 
contact  pieces.  A  solid  collar  short-circuiting  these  contacts  and 
a  forked  lever  to  move  the  collar  completes  the  equipment,  as  I 
am  accustomed  to  employ  it.  Its  most  noticeable  feature  is  that 
the  revolving  armature,  the  most  troublesome  and  delicate  part 
of  a  direct  current  machine,  is  free  from  complication,  and  that 
it  is  almost  as  solid  as  if  it  were  a  solid  mass  of  metal,  and  scarcely 
more  liable  to  injury. 

The  very  obvious  simplicity  of  construction  and  mechanical 
strength,  is  strong  evidence  of  unusual  freedom  from  repairs,  and 
as  a  result  of  experience  I  have  found  that  the  induction  motor 
is  singularly  free  from  liability  to  accidents  of  every  kind.  I 
have  never  succeeded  even  by  the  severest  kind  of  experimental 
work  in  burning  out  a  field  coil  or  doing  any  serious  injury  what- 
ever to  a  motor,  although  I  have  kept  some  of  them  on  static 
torque  tests  in  rapid  succession  for  hours  at  a  time  and  have  held 
them  at  rest  and  poured  current  through  them  until  the  leads 
burned  ofi,  the  motor  still  remaining  undamaged.  If  there  is  a 
test  of  extraordinary  severity  that  I  have  not  applied  to  induction 
motors,  I  have  yet  to  learn  of  it.  These  properties  are  invaluable 
in  commercial  work  inasmuch  as  they  practically  remove  the 
danger  of  crippling  the  motor  even  under  exceptionally  unfavor- 
able conditions. 

As  regards  the  convenience  of  the  form  of  polyphase  indactioi> 
motors,  I  think  an  inspection  of  any  of  the  types  which  have 
been  brought  out  will  render  argument  unnecessary. 

The  magnetic  necessities  of  the  case  have  led  all  makers  of 
such  apparatus  in  this  country  and  elsewhere,  to  adopt  a  species 
of  barrel  shape  as  the  general  outline  of  the  motor,  modified  only 
in  the  proportions  of  diameter  to  length,  and  in  the  adoption  of 
one  form  or  another  of  bearing.  The  tendency  of  this  construc- 
tion is  to  bring  the  center  of  gravity  of  the  machine  very  low^ 
thus  ensuring  unusual  stability  and  freedom  from  general  vibrar 
tion.  This  form,  too,  enables  one  to  place  the  motor  in  almost 
any  position  which  is  convenient  in  applying  it,  upside  down,  as 
a  side  bracket,  and  the  like. 
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The  largest  installation  of  induction  motors  in  the  world  jnst 
put  in  operation  in  Columbia,  8.  C,  aggregating  oyer  1300  h.  p., 
is  composed  of  inverted  motors  with  their  bases  bolted  to  the 
ceiling  timbers  of  the  rooms. 

As  regards  weight,  the  abolition  of  any  sparking  limit  to  the 
output,  and  the  excellent  magnetic  materials  used,  might  natur- 
ally be  supposed  to  lead  to  motors  of  unusually  light  weight,  and 
such  is  in  fact  the  case.  Sixty  to  seventy  pounds  per  horse- 
power in  motors  of  moderate  size  is  a  figure  easily  reached  with- 
out any  sacrifice  of  efficiency,  and  if  occasion  requires,  these  limits 
can  be  passed  with  great  facility,  25  to  30  pounds  of  material  per 
horse-power  being  quite  attainable  in  large  units  while  still  re- 
taining satisfactory  general  properties.  I  must  say  however, 
that  for  most  uses  I  do  not  consider  extreme  lightness  either 
necessary  or  desirable,  although  it  Is  important  to  be  able  to  se- 
cure it  if  necessary.  So  much  for  the  mechanical  character  of 
induction  motors. 

Electrically  speaking,  the  case  is  just  as  favorable.  Unless 
forced  to  a  very  large  output  per  pound  of  weight,  an  induction 
motor  will  run  quite  cool,  at  a  heating  limit  in  fact  below  that  of 
most  direct  current  machines  of  similar  weight  and  output.  This 
advantage  is  mainly  due  to  the  very  substantial  character  of 
winding  which  can  be  conveniently  employed,  and  to  the  fact 
that  the  winding  is  distributed  so  that  the  losses  in  the  copper  are 
not  localized,  while  the  laminated  character  of  the  structure  facil- 
itates thorough  ventilation.  This  freedom  from  excessive  heating 
indicates  that  the  polyphase  motor  can  stand  considerable  over- 
loading without  any  serious  results,  and  experience  has  shown  this 
to  be  the  case.  The  worst  that  can  really  happen  is  that  the 
motoV  may  fall  out  of  synchronism  when  the  load  is  sufficiently 
great,  thereby  blowing  the  fuses  in  the  line. 

As  sparking  is  obviated  in  this  type  of  machine  it  can  readily 
be  rated  at  such  output  as  will  give  a  proper  limit  of  heating,  and 
this  output  will  in  most  cases  allow  from  30  to  60  per  cent,  of 
overloading  before  the  machine  will  drop  out  of  step.  A  wider 
range  than  this  can  be  obtained  if  desirable,  which  it  is  generally 
not. 

The  limit  of  possible  overloading  fixes  in  a  general  way  the 
possible  static  torque  that  can  be  obtained  from  a  given  machine, 
and  this  is  apparently  purely  a  matter  of  convenience  in  design, 
anything  that  can  reasonably  be  required  being  quite-^  attainable. 
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There  is  no  special  difficulty  in  arranging  polyphase  motors  for  a 
starting  torque  four  or  five  times  the  running  torque,  although 
this  would  be  unnecessary  except  for  severe  hoisting  and  tram- 
way work.  At  running  torque  the  starting  current  taken  may 
readily  be  no  greater  than  the  running  current.  From  this  it 
will  readily  be  seen  that  a  properly  planned  polyphase  motor  is 
capable  of  very  great  and  violent  exertions  in  a  case  of  necessity. 
It  will  even  endure  complete  reversal  under  full  load  within  10 
or  15  seconds  on  motors  of  ordinary  sizes,  this  time  being  suffic- 
ient for  the  machine  to  pass  from  full  load  in  one  direction,  to 
full  load  and  speed  in  the  other  direction.  This  reversal  is,  as  is 
well  known,  accomplished  simply  by  reversing  any  two  of  the 
primary  wires,  the  effect  being  to  rotate  the  field  in  the  opposite 
direction  from  the  armature,  thus  causing  an  enormous  rate  of 
cutting  lines  of  force  and  consequently  immense  effort  causing 
the  motor  to  stop  and  reverse. 

Speed  Variation  in  Polyphase  Motobs. 

This  subject  has  been  for  the  most  part  in  a  rather  hazy  condi- 
tion up  to  the  present  time.  The  induction  motor  has  been 
generally  known  as  non-synchronous,  and  such  indeed  it  is. 
The  name,  however,  has  been  frequently  used  in  ignorance  of  the 
fact  that  an  induction  motor  always  tends  towards  synchronous 
running. 

Under  ordinary  conditions  the  polyphase  induction  motor  can 
be  made  to  run  at  nearly  constant  speed  independent  of  load,  re- 
sembling in  this  respect  a  well-designed  shunt  motor.  A  variation 
from  no  load  to  full  load  of  five  to  six  per  cent,  in  speed  would 
represent  ordinary  good  practice,  either  in  a  shunt  motor  or  a 
polyphase  one,  this  limit  being  exceeded  only  in  small  motors  or 
types  which  may  be  regarded  as  special.  It  is  by  no  means  diffi- 
cult, however,  so  to  design  a  polyphase  motor  that  the  speed  shall 
possess  very  remarkable  uniformity.  This  condition  has  been 
valuable  in  the  Columbia  plant  previously  alluded  to.  In  this 
case,  tests  of  17  motors  showed  a  maximum  variation  in  speed, 
from  an  output  of  75  h.  p.  to  friction  load  of  the  motor,  of  only 
2.3  per  cent.,  individual  motors  showing  slighter  variations  down 
to  1^  per  cent. 

The  task  of  these  particular  motors  is  driving  a  cotton  mill, 
hence  the  necessity  for  uniform  speed.  And  this  uniformity  in 
speed  is  not  greatly  affected   by  variations  in  voltage,  which 
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would  be  quite  sufficient  to  cause  considerable  speed  variation 
in  a  shunt  wound  motor,  in  fact  the  induction  motor  is  remark- 
ably insensitive  to  moderate  variations  in  voltage,  unless  it  is 
heavily  loaded. 

This  uniformity  in  speed  has  frequently  been  urged  as  an 
objection  to  the  induction  motor,  barring  its  employment  in 
cases  where  speed  variation  is  necessary.  This  point  is  not  well 
taken. 

The  induction  motor  can  not  be  made  successfully  to  run  at 
reduced  speed  by  varying  the  primary   voltage.     Under  these 
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circumstances  the  output  of  the  machine  falls  off  somewhat  more 
rapidly  than  the  square  of  the  voltage,,  so  that  only  trifling  speed 
variations  are  possible.  It  is  a  fact,  not  generally  known,  however, 
that  the  speed  of  a  polyphase  motor  can  be  varied  with  the  same 
facility  and  within  the  same  wide  range  as  is  possible  in  the  case 
of  a  series  wound  continuous  current  machine,  such  as  a  railway 
motor.  This  is  accomplished  in  the  induction  motor  by  a  rheo- 
stat in  the  secondary  circuit,  just  as  it  is  accomplished  in  the 
series  motor  by  a  rheostat  in  the  main  circuit.  Thus  equipped 
the  two  machines  behave  almost  exactly  alike.     The  speed  at  con- 
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stant  torque  can  be  made  to  vary  from  full  speed  dowa  to  almost 
no  speed,  thus  simulating  the  action  of  the  series  motor  in  the 
closest  possible  fashion.  At  any  given  speed  an  increase  or  de- 
crease of  the  torqtie  will  decrease  or  increase  tlie  speed  substan- 
tially alike  in  both  classes  of  motors.  In  both  too,  the  efficiency 
is  initially  similar  and  falls  off  in  practically  the  same  ratio.  A 
non-inductive  resistance  is  necessary  in  case  of  the  polyphase 
motor,  an. inductive  one  throwing  the  armature  current  so  far 
out  of  phase  as  to  interfere  with  the  proper  action  of  the  motor. 

Fig.  1,  gives  an  excellent  idea  of  the  behavior  of  a  polyphase 
motor  with  resistance  in  the  secondary  circuit. 

Curve  A  shows  the  speed  and  output  of  a  certain  motor  under 
these  circumstances.  It  was  a  four-pole  machine  operated  at  60 
cycles  per  second  and  the  initial  speed  was  reduced  to  1400  by 
the  resistance  of  the  leads  reaching  across  the  room  to  the  rheo- 
stat composed  of  loops  of  manganin  strip  which  could  be  system- 
atically varied.  It  will  be  seen  that  the  word  curve  is  almost  a 
misnomer,  the  ratio  between  the  speed  and  output  at  constant 
torque  being  almost  a  linear  function,  even  when  the  speed  fell 
to  as  low  as  150  revolutions  per  minute.  It  was  not  carried 
lower  than  this  only  because  of  lack  of  adaptability  in  the  rheo- 
stat.    No  series  motor  could  show  a  more  satisfactory  result. 

Curve  B  shows  the  power  factor  under  these  varying  condi- 
tions. It  is  high  at  all  loads  and  speeds,  varying  slightly  with  a 
maximum  at  about  half  speed. 

Curve  c  shows  the  variation  in  current.  This,  as  can  be  seen 
is  almost  constant,  falling  off  slightly  at  the  lower  speeds,  the 
voltage  being  uniform  throughout  the  test. 

Speed  variation  by  this  method  is  not  as  efficient  as  might  be 
wished,  but  still  compares  favorably  with  that  obtained  in  a  series 
motor  with  rheostatic  control.  Some  modified  methods  of  con- 
trol promising  a  somewhat  better  efficiency  have  been  suggested, 
but  it  seems  probable  that  in  the  net  result  we  shall  find  that 
continuous  current  and  polyphase  motors  are  about  on  a  par  in 
this  respect.  It  should  be  noted  that  in  continuous  current 
motors,  speed  variation  by  weakening  the  field  is  only  practicable 
within  a  very  limited  range,  and  requires  an  abnormally  heavy 
motor.  I  think  that  with  a  similar  considerable  change  in  design, 
the  polyphase  motor  could  be  made  to  operate  nearly  as  well  by 
change  in  its  field  strength.  An  efficient  speed  variation  through 
a  very  wide  range  is  attainable  in  either  class  of  machine  only  by 
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extraordinary  means,  as  an  elaborate  combination  of  direct  cur- 
rent machines,  or  frequency  changing  devices  in  the  polyphase 
machines.  From  what  has  been  said  it  will  be  apparent  that  the 
polyphase  motor  is  perfectly  capable  of  a  complete  control  of 
speed  on  the  same  terms  generally  obtained  with  continuous  cur- 
rent motors. 

COMPAKISON   OF  A   PoLYPHASE  AUD  CoNTINTTOUS  MoTOE. 

Fig.  2,  gives  a  striking  comparison  between  the  j)roperties  of 
the  two  classes  of  machines  under  consideration. 
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The  polyphase  motor  selected  for  comparison  is  of  two  h,  p.  out- 
put representing  the  average  small  motor  to  be  found  in  central 
station  practice.  This  particular  size  weighs  218  lbs.  complete, 
and  runs  at  a  speed  of  about  1400  revolutions  per  minute  on  50 
cycles  loaded.  It  is  relatively  neither  better  nor  worse  than 
polyphase  motors  of  other  sizes,  as  may  be  seen  by  reference  to 
the  curves  in  my  previous  paper  on  this  general  topic.  The 
power  factor  in  this  case  rises  quite  sharply,  reaching  86  per  cent. 
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at  half  load,  and  through  most  of  the  working  range  of  the  motor 
remains  at  or  near  90  per  cent.,  nearly  91  per  cent,  as  a  maximum. 
The  efficiency  has  its  maximum  a  little  under  full  load  of  the 
motor  and  reaches  nearly  77  per  cent.,  being  76  per  cent,  at  full 
load.  Both  power  factor  and  efficiency  hold  high  values  from 
half  load  up,  and  do  not  fall  off  seriously  until  some  distance  be- 
low half  load. 

Contrast  with  curves  a  and  b  belonging  to  the  polyphase 
motor,"  carves  c  and  d  ;  the  former  is  the  efficiency  curve  of  a 
two  H.  p.  500-volt  motor  of  one  of  the  well  known  American 
makes,  and  curve  d  is  a  similar  curve  for  a  two  h.  p.  110-volt  motor 
of  European  manufacture.  These  are  not  selected  curves  but 
were  the  two  completest  available.     Both  these  curves,  o  and  d, 
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show  remarkable  similarity.  Neither  of  the  motors  sparked 
seriously  at  full  load,  the  load  limit  being  set  rather  by  the  heat«- 
ing.  Both  curves  rise  slowly  and  attain  their  maximum  values 
at  some  point  beyond  the  available  load  of  the  machine.  At 
full  load  the  efficiency  is  substantially  the  same  as  that  of  the 
triphase  motor.  At  low  loads  it  is  noticeably  worse.  I  think  o 
and  D  are  fair  average  machines.  In  tests  of  a  wide  variety  of 
motors,  some  higher  and  lower  efficiencies  would  be  found.  Such 
too  would  be  the  case  in  testing  a  variety  of  polyphase  motors. 
In  fact  the  mate  of  the  triphase  motor  shown,  sent  through  the 
factory  at  the  same  time,  showed  about  \\  per  cent,  higher 
efficiency,  but  a  complete  test  was  not  attainable  as  the  machine 
had  to  be  immediately  shipped.  A  comparison  of  these  curves 
will  render  it  evident,  that  it  is  quite  practicable  to  produce  a 
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polyphase  motor  having  an  efficiency  fully  equal  to  that  of  direct 
current  motors  of  similar  size,  and  I  think  the  tendency  will  be 
towards  better  efficiency  at  moderate  loads.  It  should  be  men- 
tioned here  that  the  two  horse-power  triphase  motor  was  made 
of  ordinary  good  armature  iron,  not  selected,  or  specially  treated 
in  any  way. 

Finally  let  me  call  sharp  attention  to  curve  3,  which  shows 
the  effect  of  the  power  factor,  which  I  regret  to  say  has  been 
talked  about  not  wisely,  but  too  well,  in  most  of  the  discussions 
pertaining  to  polyphase  apparatus.  Two  curves  in  Fig.  3,  show 
the  total  current  in  the  line  in  the  two  h.  p.  triphase  motor  and  the 
110-volt  continuous  current  motor  above  mentioned.  The  cur- 
rent curve  of  the  continuous  current  machine  is  nearly  a  straight 
line,  that  of  the  polyphase  machine  is  almost  tangent  to  it  and 
slightly  concave  upwards.  A  noticeable  fact  displayed  is,  that 
throughout  the  ordinary  working  range  of  these  two  motors  the 
currents  were  substantially  equal,  the  existence  of  the  power 
factor  in  the  polyphase  motor  being  only  noticeable  at  very  low 
loads  and  at  overloads.  This  comparison  should  be  a  sufficient 
answer  to  the  charges  of  excessive  current  that  have  so  often 
been  made  against  the  polypliase  machines.  In  a  bad  polyphase 
motor  they  would  have  foundation  in  fact.  In  a  rather  good 
one  the  net  effect  of  the  lagging  current  is  trifling.  It  should 
further  be  noted  that  the  current  in  this  triphase  motor  at  fric- 
tion load  is  only  about  30  per  cent,  of  the  current  at  full  load, 
and  of  this  small  amount  only  30  per  cent,  represents  loss  of 
energy.  This  is  in  marked  contrast  with  the  results  obtained 
from  a  foreign  triphase  motor  of  similar  size  exhibited  at  the 
World's  Fair,  in  which  the  no  load  current  was  nearly  equal  to 
that  at  full  load,  and  the  power  factor  at  full  load  was  barely  50 
per  cent. 

In  this  brief  discussion  of  some  of  the  properties  of  modem 
polyphase  motors,  I  have  endeavored  to  show  how  nearly  they 
fulfil  the  conditions  which  may  be  regarded  as  desirable  in  elec- 
tric motors  in  general.  That  they  do  so  as  well,  if  not  better, 
than  the  continuous  current  machines  of  similar  capacity,  I  be- 
lieve that  I  have  satisfactorily  shown. 

The  demand  which  certainly  is  arising  for  polyphase  motors 
for  general  power  purposes  based  on  their  intrinsic  merits,  in- 
dicates that  the  older  type  of  machinery  has  found  a  dangerous 
rival,  all  questions  of  long  distance  transmission  aside. 
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Discussion. 

Mk.  Carl  Herino  : — Dr.  Bell  speaks  of  "  polyphase ''  motors. 
"Poly"  is  from  the  Greek,  meaning  "many,"  but  I  presume 
from  one  of  the  remarks  in  the  paper  that  tnese  were  all  three- 
phase  motors.  As  the  terms  "two-phase"  and  "three-phase" 
are  in  use  and  are  very  definite,  and  as  there  are  such  things  as 
motors  in  which  more  than  three  phases  are  used,  I  would  sug- 
gest that  it  is  preferable  to  use  the  self-explaining  term  "  three- 
phase  "  for  the  values  referred  to  in  the  paper,  especially  as  there 
IS  then  no  doubt  that  they  are  not  "  two-phase."  If  polyphase 
can  be  used  to  refer  to  three  phases  it  certainly  could  be  used 
equally  well  for  two  phases,  notwithstanding  such  sayings  as 
''two  are  company  and  three  are  a  crowd." 

Mr.  Steinmetz  : — I  think  1  can  answer  this  question.  These 
motors  referred  to  were  three-phase  motors,  but  practically  iden- 
tical theoretical  considerations  apply  to  quarter-phase  motors  as 
well  as  any  other  polyphase  motors. 

I  may  add  with  regard  to  the  induction  mofcor  referred  to  by 
Dr.  Bell  that  if  it  interests  the  members,  they  can  find  the  speed 
and  torque  characteristic  of  the  motor  in  the  discussion  of  the 
last  paper  of  Dr.  Bell  on  "Practical  Properties  of  Polyphase 
Apparatus,"  read  at  the  83rd  meeting  of  the  iNsmuTB,  January 
17th,  1894. 

The  President  : — If  there  is  no  further  discussion  I  will  call 
for  the  next  paper,  "The  Law  of  Hysteresis  (Part  III.)  and  the 
Calculation  of  Ferric  Inductances,"  by  Mr.  Steinmetz. 
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Henston  in  the  Chnir, 


ON    THE    LAW    OF    HYSTERESIS    (Part    IU.), 

AND  THB 

THEORY  OF  FERRIC  INDUCTANCES. 


BY  CHABLE8  PBOTEaS  8TEINMBTZ. 


Chapteb  I. — Coefficient  of  Molboulae  Magnetic  Fbiotion. 

In  two  former  papers,  of  January  19  and  September  27, 1893^ 
I  have  shown  that  the  loss  of  energy  by  magnetic  hysteresis,  due 
to  molecular  friction,  can,  with  sufficient  exactness,  be  expressed 
by  the  empirical  formula — 

where  H  =  loss  of  energy  per  cm*,  and jper  cycle,  in  ergs, 

B  =  amplitude  of  magnetic  variation, 

ri   =  coefficient  of  molecular  friction, 
the  loss  of  energy  by  eddy  currents  can  be  expressed  by 

where  A  =  loss  of  energy  per  cm^  and  per  cycle,  in  ergs, 
e  =  coefficient  of  eddy  currents. 
Since  then  it  has  been  shown  by  Mr.  R.  Amo,  of  Turin,  that 
the  loss  of  energy  by  static  dielectric  hysteresis,  i.^.,  the  loss  of 
energy  in  a  dielectric  in  an  electro-static  field  can  be  expressed 
by  the  same  formula  : 

where  H  =  loss  of  energy  per  cycle, 

F  =  electro-static  field  intensity  or  intensity  of  dielectric 

stress  in  the  material, 
d   =  coefficient  of  dielectric  hysteresis. 
Here  the  exponent  3C  was  found  approximately  to  =  1.6  at 
the  low  electro-static  field  intensities  used. 

At  the  frequencies  and   electro-static  field  strengths  met  in 
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condenaeTB  used  in  alteniato  ennent  circuita,  I  found  the  loes  of 
energy  by  dielectric  hyBtereeis  proportional  to  tlie  square  of  the 
field  strength. 
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Other  observations  made  afterwards  agreed  with  this  result. 
With  regard  to  magnetic  hysteresis,  essentially  new  discoveries 
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hare  not  been  made  since,  and  the  explanation  of  this  exponent 
1.6  is  still  unknown. 

In  the  calculation  of  the  core  losses  in  dynamo  electrical  ma- 
chinery and  in  transformers,  the  law  of  hysteresis  has  found  its 
application,  and  so  far  as  it  is  not  obscured  by  the  superposition 
of  eddy  currents  has  been  fully  confirmed  by  practical  experi- 
ence. 

As  an  instance  is  shown  in  Fig.  1,  the  observed  core  loss  of  a 
high  voltage  500  k.  w.  alternate  current  generator  for  power 
transmission.  The  curve  is  plotted  with  the  core  loss  as  abscissae 
and  the  terminal  volts  as  ordinates.  The  observed  values  are 
marked  by  crosses,  while  the  curve  of  1.6  power  is  shown  by 
the  drawn  line. 

The  core  loss  is  a  very  large  and  in  alternators  like  the  present 
machine,  even  the  largest  part  of  the  total  loss  of  energy  in  the 
machine. 

"With  regard  to  the  numerical  values  of  the  coefficient  of 
hysteresis,  the  observations  up  to  the  time  of  my  last  paper  cover 
the  range, 

7  X  10»  = 


Materials 

From 

To 

Average. 

Wrought  iron .} 

Sheet  iron  and  sheet  steel  f 

Cast  iron 

Soft  cast  iteel  and  mitis  metal 

Hard  cast  nieel 

Weldedsteel 

2.00 

3.18 

.4:5 
ao.4 

1X.9 

5.48 

16.9 

•  120 

30  «o  3-3 

To 

Magnetite 

Nickel 

Cobalt 

While  no  new  materials  have  been  investigated  in  the  mean- 
time, for  some,  especially  sheet  iron  and  sheet  steel,  the  range  of 
observed  value  of  rj  has  been  greatly  extended,  and,  I  am  glad 
to  state,  mostly  towards  lower  value  of  jy,  that  is,  better  iron. 

While  at  the  time  of  my  former  paper,  the  value  of  hysteresis 
jy  X  10*  =  2.0,  taken  from  Ewing's  tests,  was  unequaled,  and 
the  best  material  I  could  secure,  a  very  soft  Norway  iron,  gave 
^  X  10'  =  2.275,  now  quite  frequently  values  considerably 
better  than  Ewing's  soft  iron  wire  are  found,  as  the  following 
table  shows,  which  gives  the  lowest  and  the  highest  values  of 
hysteretic  loss  observed  in  sheet  iron  and  sheet  steel,  intended 
for  electrical  machinery. 
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The  values  are  taken  at  random  from  the  factory  records  of 
the  General  Electric  Company. 


Values  of  tj 

X  io«. 

Lowest. 

Highest. 
5.30 

1.24 

1.38 

5.15 

1.35 

5.12 

1.58 

4.78 

1.59 

4.77 

1.59 

4.72 

1.66 

4.58 

1.66 

4.55 

1.68 

4.27 

1.70 

1.71 

1.76 

1.80 

1.82 

1.88 

1.90 

1.93 

1.94 

1.94 

I,  all  the  values  of 

the 

first  col 

As  seen,  all  the  values  of  the  first  column  refer  to  iron 
superior  in  its  quality  even  to  the  sample  of  Ewing  ly  X  10'  =  2.0, 
unequaled  before. 

The  lowest  value  is  jy  X  10*  =  1.24,  that  is,  38  per  cent,  better 
than  Ewing's  iron.  A  sample  of  this  iron  I  have  here.  As  you 
see,  it  is  very  soft  material.  Its  chemical  analysis  does  not  show 
anything  special.  The  chemical  constitution  of  the  next  best 
sample  gy  x  10*  =  1.33  is  almost  exactly  the  same  as  the  con- 
stitution of  samples  tj  x  10^  =  4.77  and  ^  X  10*  =  3.22,  show- 
ing quite  conclusively  that  the  chemical  constitution  has  no 
direct  influence  upon  the  hysteretic  loss. 

In  consequence  of  this  extension  of  tj  towards  lower  values, 
the  total  range  of  ^  yet  known  in  iron  and  steel  is  from 
ly  X  10'  =  1.24  in  best  sheet  iron  to  ^y  X  10'  =  74.8  in  glass- 
hard  steel,  and  ^y  X  10'  =  81.8  in  manganese  steel,  giving  a 
ratio  of  1  to  66. 

With  regard  to  the  exponent  3C  in 

which  I  found  to  be  approximately  =  1.6  over  the  whole  range 
of  magnetization,  Ewing  has  investigated  its  variation,  and 
found  that  it  varies  somewhat  at  different  magnetizations,  and 
that  its  variation  corresponds  to  the  shape  of  the  magnetization 
curve,  showing  its  three  stages.^ 

1.  J.  A.  Ewing,  PhilosophieaZ  Transactions  of  the  Bayal  Society ^  London, 
June  15, 1803. 
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Tests  of  the  variation  of  the  hjsteretic  loss  per  cycle  as  func- 
tion of  the  temperature  have  been  published  bj  Dr.  W.  Knnz*, 
for  temperatures  from  20^  and  800^  Cent.  They  show  that  with 
rising  temperature,  the  hysteretic  loss  decreases  very  greatly, 
and  this  decrease  consists  of  two  parts,  one  part,  which  disap- 
pears again  with  the  decrease  of  temperature  and  is  directly  pro- 
portional to  the  increase  of  temperature,  thus  making  the  hyster- 
etic loss  a  linear  function  of  the  temperature,  and  another  part, 
which  has  become  permanent,  and  seems  to  be  due  to  a  perma- 
nent change  of  the  molecular  structure  produced  by  heating. 
This  latter  part  is  in  soft  iron,  proportional  to  the  temperature 
also,  but  irregular  in  steel. 

Chapter  II. — Moleodlab  Fkiction  and  Magnetic  Hystebesib. 

In  an  alternating  magnetic  circuit  in  iron  and  other  magnetic 
material,  energy  is  converted  into  heat  by  molecular  magnetic 
friction.  The  area  of  the  hysteretic  loop,  with  the  m.  m.  f.  as 
abscissae  and  the  magnetization  as  ordinates,  represents  the 
energy  expended  by  the  m.  m.  f.  during  the  cyclic  change  of 
magnetization. 

If  energy  is  neither  consumed  nor  applied  outside  of  the 
magnetic  circuit  by  any  other  source,  the  area  of  the  hysteretic 
loop,  L  «.,  the  energy  consumed  by  hysteresis,  measures  and 
represents  the  energy  wasted  by  molecular  magnetic  friction. 

In  general,  however,  the  energy  expended  by  the  m.  m.  f. — 
the  area  of  the  hysteretic  loop — needs  not  to  be  equal  to  the 
molecular  friction.  In  the  armature  of  the  dynamo  machine,  it 
probably  is  not,  but,  while  the  hysteretic  loop  more  or  less  col- 
lapses under  the  influence  of  mechanical  vibration,  the  loss  of 
energy  by  molecular  friction  remains  the  same,  hence  is  no 
longer  measured  by  the  area  of  the  hysteretic  loop. 

Thus  a  sharp  distinction  is  to  be  drawn  between  the  phenome- 
non of  magnetic  hysteresis,  which  represents  the  expenditure  of 
energy  by  the  m.  m.  f.,  and  the  molecular  friction. 

In  stationary  alternating  current  apparatus,  as  ferric  induc- 
tances, hysteretic  loss  and  molecular  magnetic  friction  are 
generally  identical. 

In  revolving  machinery,  the  discrepancy  between  molecular 
friction  and  magnetic  hysteresis  may  become  very  large,  and  the 
magnetic  loop  may  even  be  overturned  and  represent,  not  expen- 

1.  EUktrotechnische  ZeiUchrift,  April  5th,  1894. 
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ditare,  but  production  of  electrical  energy  from  mecbanical 
energy  ;  or  inversely,  the  magnetic  loop  may  represent  not  only 
the  electrical  energy  converted  into  heat  by  molecular  friction, 
but  also  electrical  energy  converted  into  mechanical  motion. 

Two  such  cases  are  shown  in  Figs.  2  and  3  and  in  Figs.  4  and 
5.  In  these  cases  the  magnetic  reluctance  and  thus  the  induc- 
tance of  the  circuit  was  variable.  That  is,  the  magnetic  circuit 
was  opened  and  closed  by  the  revolution  of  a  shuttlenshaped 
armature. 

The  curve  a  represents  the  inductances  of  the  magnetic  circuit 
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Fig.  2. 


as  function  of  the  position.  The  curve  e  =  counter  e.  m.  f.  or, 
since  the  internal  resistance  is  negligible,  the  impressed  e.  m.  f. 
and  curve  m  =  magnetism.  If  the  impressed  e.  m.  f.,  e  is  a 
sine  wave,  the  current  c  assumes  a  distorted  wave  shape,  and 
the  product  of  current  and  e.  m.  f.,  W  =  C' ^  represents  the 
energy.  As  seen,  in  this  case  the  total  energy  is  not  equal  to 
zero,  i.  e.j  the  e.  m.  f.  or  self-induction  e  not  wattless  as  usually 
supposed,  but  represents  production  of  electrical  energy  in  the 
first,  consumption  in  the  second  case.  Thus,  if  the  apparatus  is 
driven  by  exterior  power,  it  assumes  the  phase  relation  shown  in 
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Fig.  2,  and  yields  electrical  energy  as  a  self-exciting  alternate 
current  generator;  if  now  the  driving  power  is  withdrawn  it 
drops  into  the  phase  relation  shown  in  Fig.  4,  and  then  continues 
to  revolve  and  to  yield  mechanical  energy  as  a  synchronouft 
motor. 

The  magnetic  cycles  ©r  H-B  curves,  or  rather  for  convenience^ 
the  C-M  curves,  are  shown  in  Figs.  3  and  5. 

As  seen  in  Fig.  5,  the  magnetic  loop  is  greatly  increased  in 
area  and  represents  not  only  the  energy  consumed  by  molecular 
magnetic  friction,  but  also  the  energy  converted  into  mechanical 
power,  while  the  loop  in  Fig.  3  is  overturned  or  negative,  thus- 
representing  the  electrical  energy  produced,  minus  loss  by  molec- 
ular friction. 
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Fig.  8. 

This  is  the  same  apparatus,  of  which  two  bysteretic  loops 
were  shown  in  my  last  paper,  an  indicator-alternator  of  the 
"  humming  bird  "  type. 

Thus  magnetic  hysteresis  is  not  identical  with  molecular  mag- 
netic friction,  but  is  one  of  the  phenomena  caused  by  it. 

Chapter  III. — Theoby  and  Calculation  of  Ferric 
Inductances. 
In  the  discussion  of  inductive  circuits,  generally  the  assump- 
tion is  made,  that  the  circuit  contains  no  iron.     Such  non-ferric 
inductances  are,  however,  of  little  interest,  since  inductances  are 
almost  always  ironclad  or  ferric  inductances. 
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With  our  present  knowledge  of  the  alternating  magnetic  cir- 
cuit, the  ferric  inductances  can  now  be  treated  analytically  with 
the  same  exactness  and  almost  the  same  simplicity  as  non-ferric 
inductances. 

Before  entering  into  the  discussion  of  ferric  inductances,  some 
terms  will  be  introduced,  which  are  of  great  value  in  simplify- 
ing the  treatment. 

Eeferring  back  to  the  continuous  current  circuit,  it  is  known 
that,  if  in  a  continuous  current  circuit  a  number  of  resistances^ 
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Fig.  4. 


^1)  /"a,  /"a  •  •  •  •  ftre  connected  in  series,  their  joint  resistance,  Hy  is 
the  sum  of  the  individual  resistances : 

^  =  n  +  ^2  +  ^8  + 

If,  however,  a  number  of  resistances,  rj,  r^  /"s  •  •  -j  are  con- 
nected in  parallel,  or  in  multiple,  their  joint  resistance,  i?,  can- 
not be  expressed  in  a  simple  form,  but  is : 

1 


7?  = 


Hence,  in  the  latter  case,  it  is  preferable,  instead  of  the  term 
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*'  resistance,"  to  introduce  its  reciprocal,  or  inverse  value,  the 

term  "  condtictance "  ^  =  _.     Then  we  get : 

r 

"  If  a  number  of  conductances,  /Oj,  /02,  /^s  •  •  •  •>  are  connected 

in  parallel,  their  joined  conductance  is  the  sum  of  the  individual 

•conductances : 

^  =  Pi  +  pt  +  Ps-h  "" 
When  using  the  term  conductance,  the  joined  conductance  of 
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a  number  of  series  connected  conductances,  /Oj,  p^pz-"  .  becomes 
a  complicated  expression  : 

/>i        P%        pi 
.  Hence  the  use  of  the  term  "  resistance '?  is  preferable  in  the 
case  of  series  connection,  the  use  of  the  reciprocal  term  "  con- 
ductance," in   parallel  connection,  and  we  have  thus : 

"  The  joined  resistance  of  a  number  of  series  connected  re- 
sista/nces  is  equal'  to  the  sum  of  the  individual  resistances^  the 
joined  conductance  of  a  number  of  parallel  connected  conduct- 
ances is  equal  to  the  sum  of  the  indi/oidual  conductances^ 
In  alternating  current  circuits,  in  place  of  the  term  "  resist- 
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ance "  we  have  the  term  "  impedanoe^^^  expresged  in  complex 
quantities  by  the  symbol : 

U  ^r  —  j  s, 

with  its  two  components,  the  '^  resistance  ^^  r  and  the  '^  react- 
cmee  "  «,  in  the  formula  of  Ohm's  law  : 

The  resistance,  r,  gives  the  coefficient  of  the  e.  m.  f.  in  phase 
with  the  current,  or  the  energy  component  of  k.  m.  f.,  C  r ;  the 
reactance,  «,  gives  the  coefficient  of  the  e.  m.  f.  in  quadrature 
with  the  current,  or  the  wattless  component  of  e.  m.  f.,  Cs^  both 
combined  give  the  total  e.  m.  f. 

Cu^  C  V^^qr?. 

This  reaetancej  s,  is  positive  as  inductive  reactance : 

or  negative  as  capacity  reactance : 

_  1 

where, 

iV  =  frequency, 

Z  =  coefficient  of  self-induction,  in  henrys, 

£  z=i  capacity,  in  farads. 

Since  e.  m.  f.'s  are  combined  by  adding  their  complex  expres- 
sions, we  have : 

"  The  joined  impedance  of  a  number  of  series  connected  im- 
pedances, is  the  sum  of  the  individual  impedances,  when  ex- 
pressed in  complex  quantities." 

In  graphical  representation,  impedances  have  not  to  be  added, 
but  combined  in  their  proper  phase,  by  the  law  of  parallelogram, 
like  the  e.  m.  f.'s  consumed  by  them. 

The  term  "  impedance  "  becomes  inconvenient,  however,  when 
dealing  with  parallel  connected  circuits,  or,  in  other  words,  when 
several  currents  are  produced  by  the  same  e.  m.  f.,  in  cases  where 
Ohm's  law  is  expressed  in  the  form  : 

It  is  preferable  then,  to  introduce  the  reciprocal  of  "impe- 

1."  Complex  Quantities  and  their  use  in  Electrical  Engineering,"  a  paper  read 
before  Section  A  of  the  International  Electrical  Congress  at  Chicago,  1893. 
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dance,"  which  may  be  called  the  "  admiMcmce  "  of  the  circuit : 

U 

As  the  reciprocal  of  the  complex  quantity 
U  =ir  —j  B, 
the  admittance  is  a  complex  quantity  also : 

consisting  of  the  component,  /o,  which  represents  the  coefficient 
of  current  in  phase  with  the  e.  m.  f.,  or  energy  current,  p  E^in 
the  equation  of  Ohm's  law : 

C=^  YE={p+ja)E, 

and  the  component,  <t,  which  represents  the  coefficient  of  current 
in  quadrature  with  the  e.  m.  f.,  or  wattless  component  of  current, 
aE, 

p  may  be  called  the  "  conductance^'*  a  the  "  sttsceptance "  of 
the  circuit.  Hence  the  conductance,  p,  is  the  energy  component, 
the  susceptance,  ^,  the  wattless  component  of  the  admittance 

and  the  numerical  value  of  admittance  is  : 

v=   Vp'  +  a^i 
the  resistance,  r,  is  the  energy  component,  the  reactance,  «,  the 
wattless  component  of  the  impedance 

and  the  numerical  value  of  impedance  is 


As  seen,  the  term  "  admittance  "  means  dissolving  the  current 
into  two  components,  in  phase  and  in  quadrature  with  the  k.m.f., 
or  the  energy  current  and  the  wattless  current ;  while  the  term 
"  impedance  "  means  dissolving  the  e.  m.  f.  into  two  components, 
in  phase  and  in  quadrature  with  the  current,  or  the  energy 
B.  M.  F.  and  the  wattless  e.  m.  f. 

It  must  be  understood,  however,  that  the  "  conductance "  is 
not  the  reciprocal  of  the  resistance,  but  depends  upon  the  resist- 
ance as  well  as  upon  the  reactance.  Only  when  the  reactance 
^  =  0,  or  in  continuous  current  circuits,  is  the  conductance  the 
reciprocal  of  resistance. 

Again,  only  in  circuits  with  zero  resistance  /•  =  0,  is  the  sus- 
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ceptance  the  reciprocal  of  reactance ;  otherwise  the  susceptance 
depeodfi  upon  reactance  and  upon  resistance. 
From  the  definition  of  the  admittance : 

as  the  reciprocal  of  the  impedance : 

U  =  r  —  j  8 
we  get 

T-  1 
or 


r—j  8 

or,  moltipljing  on  the  right  side  nnmerator  and  denominator  by 
{r+J8): 

hence,  since 

(r  — j  «)  (/•  4"i  *)  =  ^  +  ^  =  '^^  • 


or. 


1» 

+  «* 

i*« 

8 

= 

8 

r> 

+  «» 

vT 

and  inversely : 


a  = 


r  =       P        =  I. 
/^«  +  ^        ^ 


By  these  equations,  from  resistance  and  reactance,  the  conduct- 
ance and  susceptance  can  be  calculated,  and  inversely. 
Multiplying  the  equations  for  p  and  r,  w^"  get : 

r  p 

hence 

u"  v^  =  {r»  +  ^)  ifi* -\- ff>)  =  1, 
and 

«  =  !=      ' 


V         Vp*+  a» 


682  STBINMETZ  ON  HT8TERB8I8,  [May  18, 

the  absolute  value  of  impedance, 


the  absolute  value  of  admittance. 

The  sign  of  "  admittance  "  is  always  opposite  to  that  of  "  im- 
pedance," that  means,  if  the  current  lags  behind  the  b.  m.  f., 
the  E.  M.  F.  leads  the  current,  and  inversely,  as  obvious. 

Thus  we  can  express  Ohm's  law  in  the  two  forms : 

E=:    C  U. 

C=ET, 

and  have 

"  The  joined  impedance  of  a  numher  of  aeries  connected  im- 
pedancee  is  equal  to  the  »um  of  the  individtuil  impedances;  the 
joined  admittance  of  a  number  of  pa/raUel  connected  adm>iUances 
is  equal  to  the  sum  of  the  individual  admitta/nces^  if  expressed 
in  complex  quantities;  in  diagrammatic  representation^  com- 
bination  by  the  pa/raRelogram  la/w  takes  the  place  of  addition  of 
the  complex  quantities^ 

The  resistance  of  an  electric  circuit  is  determined : 

1.  By  direct  comparison  with  a  known  resistance  (Wheatstone 
bridge  method,  etc.).  This  method  gives  what  may  be  called  the 
true  ohmic  resistance  of  the  circuit. 

2.  By  the  ratio  : 

Volts  consumed  in  oircoit 
Amperes  in  circuit 

In  an  alternating  current  circuit,  this  method  gives  not  the  re- 
sistance, but  the  impedance 

u  =     V'7^  +  «2 

of  the  circuit. 

3.  By  the  ratio : 

Power  consumed   (e.  m.  f.)* 

(current)"  Power  consumed' 

where,  however,  the  "  power "  and  the  "  b.  m.  f."  do  not  in- 
clude the  work  done  by  the  circuit,  and  the  counter  e.  m.  f.'s 
representing  it,  as  for  instance,  the  counter  b.  m.  f.  of  a  motor. 

In  alternating  current  circuits,  this  value  of  resistance  is  the 
energy  coefficient  of  the  e.  m.  f.,  and  is : 

Energy  component  of  e.  m.  p. 

Total  current 
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It  is  called  the  "  equivalent  resistance "  of  the  circuit,  and  the 
energy  coefficient  of  current : 

Energy  ooraponent  of  current 

^  Total  B.  M.  F.  ' 

is  called  the  "  equwalent  eonductwnce  "  of  the  circuit. 
In  the  same  way  the  value  : 

^  __.  Wattless  component  of  e.  m.  f. 
Total  carrent 

is  the  "  equivalent  reactance^'^  and 

Wattless  component  of  current 


a  = 


Total  £.  X.  F. 


is  the  ^^ equwalent  suscepta'nce'*'*  of  the  circuit.. 

While  the  true  ohmic  resistance  represents  the  expenditure  of 
energy  as  heat,  inside  of  the  electric  conductor,  by  a  current  of 
uniform  density,  the  "  equivalent  resistance  "  represents  the  total 
expenditure  of  energy. 

Since  in  an  alternating  current  circuit  in  general,  energy  is  ex- 
pended not  only  in  the  conductor,  but  also  outside  thereof,  by 
hysteresis,  secondary  currents,  etc.,  the  equivalent  resistance  fre- 
quently difEers  from  the  true  ohmic  resistance,  in  such  way  as  to 
represent  a  larger  expenditure  of  energy. 

In  dealing  with  alternating  current  circuits,  it  is  necessary^ 
therefore,  to  substitute  everywhere  the  values  "  equivalent  resist- 
ance," "  equivalent  reactance,"  "  equivalent  conductance," 
^'  eqxdvalent  susceptance,"  to  make  the  calculation  applicable  to 
general  alternating  current  circuits,  as  ferric  inductance,  etc. 
■  While  the  true  ohmic  resistance  is  a  constant  of  the  circuit, 
depending  upon  the  temperature  only,  but  not  upon  the  b.  m.  f., 
etc.,  the  "  equivalent  resistance  "  and  "  equivalent  reactance  " 
*is  in  general  not  a  constant,  but  depends  upon  the  e.  m.  f.,  cur- 
rent, etc. 

This  dependence  is  the  cause  of  most  of  the  difficulties  met 
in  dealing  analytically  with  alternating  current  circuits  containinji; 
iron. 

The  foremost  sources  of  energy  loss  in  alternating  current  cir- 
cuits, outside  of  the  true  ohmic  resistance  loss,  are : 

1.  Molecular  friction,  as : 
(a)  magnetic  hysteresis ; 
(5)  dielectric  hysteresis. 
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2.  Primary  electric  currents,  as : 

(a)  leakage  or  escape  of  current  through  the  insulation, 

brush  discharge ; 
(J)  eddy-currents  in  the  conductor,  or  unequal   current 

distribution. 

3.  Secondary  or  induced  currents,  as : 

{a)  eddy  or  Foucault  currents  in  surrounding  magnetic 
materials ; 

(ft)  eddy  or  Foucault  currents  in  surrounding  conducting 
materials ; 

{c)  secondary  currents  of  mutual  inductance  in  neighbor- 
ing circuits. 

4.  Induced  electric  charges,  electro-static  influence. 

While  all  these  losses  can  be  included  in  the  terms  "equivalent 
resistance,"  etc.,  only  the  magnetic  hysteresis  and  the  eddy-cur- 
rents in  the  iron  will  form  the  object  of  the  present  paper. 

I. — Magnetic  Hyatere^, 

To  examine  this  phenomenon,  first  a  circuit  of  very  high  in- 
ductance, but  negligible  true  ohmic  resistance  may  be  considered, 
that  is,  a  circuit  entirely  surrounded  by  iron ;  for  instance,  the 
primary  circuit  of  an  alternating  current  transformer  with  open 
secondary  circuit. 

The  wave  of  current  produces  in  the  iron  an  alternating  mag- 
netic flux,  which  induces  in  the  electric  circuit  an  k.  m.  f.,  the 
counter  e.  m.  f.  of  self-induction.  If  the  ohmic  resistance  is 
negligible,  the  counter  e.  m.  f.  equals  the  impressed  e.  m.  f.,  hence, 
if  the  impressed  e.  m.  f.  is  a  sine-wave,  the  counter  e.  m.  f.,  and 
therefore  the  magnetism  which  induces  the  counter  e.  m.  f.  must 
be  sine-waves  also.  The  alternating  wave  of  current  is  not  a 
sine-wave  in  this  case,  but  is  distorted  by  hysteresis.  It  is  pos- 
sible, however,  to  plot  the  current  wave  in  this  case  from  the 
hysteretic  cycle  of  magnetization. 

From  the  number  of  turns  n  of  the  electric  circuit,  the  effective 
counter  e.  m.  f.  E^  and  the  frequency  iV  of  the  current,  the  max- 
imum magnetic  flux  M  is  found  by  the  formula : 

hence : 

V2Tzn  N 
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Maximum  flax  M  and  magnetic  cross-section  S  give  the  max- 

M 

imum  magnetic  induction  B  ==  -j-. 

If  the  magnetic  induction  varies  periodically  between  -|-  S 
and  —  J?,  the  m.  m.  f.  varies  between  the  corresponding  values 
+  ^and  —  J^y  and  describes  a  looped  curve,  the  cycle  of  hys- 
teresis. 

If  the  ordinates  are  given  in  lines  of  magnetic  force,  the  ab- 
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Fig.  6. 


scissee  in  tens  of  ampere-turns,  the  area  of  the  loop  equals  the 
energy  consumed  by  hysteresis,  in  ergs  per  cycle. 

From  the  hysteretic  loop  is  found  the  instantaneous  value  of 
M.  M.  F.  corresponding  to  an  instantaneous  value  of  magnetic  flux, 
that  is  of  induced  e.  m.  f.,  and  from  the  m.  m.  f.,  F^  in  ampere- 
turns  per  unit  length  of  magnetic  circuit,  the  length  /  of  the 
magnetic  circuit,  and  the  number  of  turns  n  of  the  electric  cir- 
cuit, are  found  the  instantaneous  values  of  current  o  correspond- 
ing to  a  M.  M.  F.  Fy  that  is  a  magnetic  induction  B  and  thus  in- 


duced B.  M.  F.  ^,  as : 


Fl 


n 
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In  Fig.  6  four  magnetic  cycles  are  plotted,  with  the  maximum 
values  of  magnetic  inductions :  B  =  2,000,  6,000,  10,000  and 
16,000,,and  the  corresponding  maximum  m.  m.  f/s  :  i^=  1.8,  2.8,. 
4.3,  20.0.  They  show  the  well-known  hysteretic  loop,  which  be- 
comes pointed  when  magnetic  saturation  is  approached. 

These  magnetic  cycles  correspond  to  average  good  sheet  iron 
or  sheet  steel  of  hysteretic  coefficient :  rj  =  .0033,  and  are  given 


Bfttitt  f  iwiM,  Aifi^  Jir.r. 


with  ampere-turns  per  cm.  as  abscissae,  and  kilolines  of  magnetic 
force  as  ordinates. 

In  Figs.  7,  8,  9  and  10  the  magnetism,  or  rather  the  magnetic 
induction,  as  derived  from  the  induced  e.  m.  f.,  is  assumed  as 
sine-curve.  For  the  different  values  of  magnetic  induction  of 
this  sine-curve,  the  corresponding  values  of  m.  m.  f.,  hence  of 
current,  are  taken  from  Fig.  6,  and  plotted,  giving  thus  the  ex- 
citing current  required  to  produce  the  sine-wave  of  magnetism ; 
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that  is,  the  wave  of  current,  which  a  sine-wave  of  impressed 
E.  M.  F.  will  send  through  the  circuit. 

As  seen  from  Figs.  4  to  10,  these  waves  of  alternating  current 
F  are  not  sine-waves,  but  are  distorted  by  the  superposition  of 
higher  harmonics,  that  is,  are  complex  harmonic  waves.  They 
reach  their  maximum  value  at  the  same  time  with  the  maximum 
of  magnetism,  that  is,  90°  ahead  of  the  maximum  induced  e.  m.  f., 


hence  about  90®  beliind  the  maximum  impressed  e.  m.  f.,  but 
pass  the  zero  line  considerably  ahead  of  the  zero  value  of  mag- 
netism :  42,  52,  50  and  41  degrees  respectively. 

The  general  character  of  these  current  waves  is,  that  the  max- 
imum point  of  the  wave  coincides  in  time  with  the  maximum 
point  of  the  sine-wave  of  magnetism,  but  the  current  wave  is 
bulged  out  greatly  at  the  rising ;  hollowed  in  at  the  decreasing 
side.    With  increasing  magnetization,  the  maximum  of  the  current 
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wave  becomes  more  pointed,  as  the  curve  of  Fig.  9,  for  B  =  10,000 
shows,  and  at  still  higher  saturation  a  peak  is  formed  at  the  max- 
imum point,  as  in  the  curve  of  Fig.  10,  for  B  =  16,000.  This 
is  the  case,  when  the  curve  of  magnetization  reaches  within  the 
range  of  magnetic  saturation,  since  in  the  proximity  of  saturation 
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the  current  near  the  maximum  point  of  magnetization  has  to  rise 
abnormally,  to  cause  a  small  increase  of  magnetization  only. 

The  distortion  of  the  wave  of  magnetizing  current  is  so  large 
as  shown  here,  only  in  an  iron  closed  magnetic  circuit  expending 
energy  by  hysteresis  only,  as  in  the  ironclad  transformer  at  open 
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secondary  circuit.  As  soon  ae  the  circuit  expends  energy  in  any 
other  way,  as  in  resistance,  or  by  mutual  inductance,  or  if  an  air- 
gap  is  introduced  in  the  magnetic  circuit,  the  distortion  of  the 
current  wave  rapidly  decreases  and  practically  disappears,  and 
the  current  becomes  more  sinusoidal.  That  is,  while  the  distort- 
ing component  remains  the  same,  the  sinusoidal  component  of 
current  greatly  increases,  and  obscures  the  distortion.  For  in- 
stance, in  Figs.  11  and  12  two  waves  are  shown,  corresponding 
in  magnetization  to  the  curve  of  Fig.  8,  as  the  worst  distorted. 
The  curve  in  Fig.  11  is  the  current  wave  of  a  transformer  Skt^ 
load.  At  higher  load  the  distortion  is  still  correspondingly  less. 
The  curve  of  Fig.  12  is  the  exciting  current  of  a  magnetic  cir- 
cuit, containing  an  air-gap,  whose  length  equals  ^^  the  length 
of  the  magnetic  circuit.  These  two  curves  are  drawn  in  ^  the 
size  of  the  curve  in  Fig.  8.  As  seen,  both  curves  are  practically 
sine-waves. 

The  distorted  wave  of  current  can  be  dissolved  in  two  com- 
ponents :  a  true  ame-wa/ve  of  equal  effective  intensity  and  equal 
power  with  the  distorted  wave,  called  the  "  equivalent  sine-wa/oe^^^ 
and  a  wattless  higher  ha/rraoniG^  consisting  chiefly  of  a  term  of 
triple  frequency. 

In  Figs.  7  to  12  are  shown,  in  drawn  lines,  the  equivalent  sine- 
waves,  and  the  wattless  complex  higher  harmonics,  which  together 
form  the  distorted  current  wave.  The  equivalent  sine-wave  of 
M.  M.  F.,  or  of  current,  in  Figs.  7  to  10,  leads  the  magnetism  by 
34,  44,  38  and  15.5  degrees  respectively.  In  Figs.  11  and  12  the 
equivalent  sine-wave  almost  coincides  with  the  distorted  curve, 
and  leads  the  magnetism  by  only  9°. 

It  is  interesting  to  note,  that  even  in  the  greatly  distorted 
curves  of  Figs.  7  to  9  the  maximum  value  of  the  equivalent 
sine-wave  is  nearly  the  same  as  the  maximum  value  of  the  original 
distorted  wave  of  m.  m.  f.,  as  long  as  magnetic  saturation  is  not 
approached,  being  1.8,  2.9  and  4.2  respectively,  against  1.8,  2.8 
and  4.3  as  maximum  values  of  the  distorted  curve.  Since  by  the 
definition  the  effective  value  of  the  equivalent  sine-wave  is  the  same 
as  that  of  the  distorted  wave,  this  means,  that  the  distorted  wave 
of  exciting  current  shares  with  the  sine-wave  the  feature,  that 
the  maximum  value  and  the  effective  value  have  the  ratio:  i^  -^  1. 
Hence,  below  saturation,  the  maximum  value  of  the  distorted 
curve  can  be  calculated  from  the  effective  value — which  is  given 
by  the  reading  of  an  electro-dynamometer — by  the  same  ratio  as 
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with  a  true  sine-wave,  and  the  magnetic  charaeteriBtic  can  thns 
be  determined  hy  means  of  alternating  currents,  by  the  electro- 
dynamometer  method,  with  sufficient  exactness. 

In  Fig.  13  is  shown  the  true  magnetic  characteristic  of  a  sample 
of  average  good  sheet  iron,  as  found  by  the  method  of  slow 
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reversals  by  the  magnetometer,  and  for  comparison  in  dotted 
lines  the  same  characteristic,  as  determined  by  alternating  cur- 
rents, by  the  electro-dynamometer,  with  ampere-turns  per  cm.  as 
ordinates,  and  magnetic  inductions  as  abscissae.  As  seen,  the 
two  curves  practically  coincide  up  to  ^  =  10,000  ~  14,000. 
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For  higher  saturations,  the  curves  rapidly  diverge,  and  the 
«lectro-dynamometer  curve  shows  comparatively  small  m.  m.  f.'s 
producing  apparently  very  high  magnetizations. 

The  same  Fig.  13  gives  the  curve  of  hysteretio  loss,  in  ergs  per 
<$m.^  and  cycle,  as  ordinates,  and  magnetic  inductions  as  abscissse. 

So  far  as  current  strength  and  energy  consumption  is  concerned, 
the  distorted  wave  can  be  replaced  by  the  equivalent  sine-wave, 
and  the  higher  harmonics  neglected. 

All  the  measurements  of  alternating  currents,  with  the  only 
exception  of  instantaneous  readings,  yield  the  equivalent  sine-wave 
only,  but  suppress  the  higher  harmonic,  since  all  measuring  in- 
struments give  either  the.  mean  square  of  the  current  wave,  or 
the  mean  product  of  instantaneous  values  of  current  and  e.  m.  f., 
which  are  by  definition  the  same  in  the  equivalent  sine-wave  as 
in  the  distorted  wave. 

Hence,  in  all  practical  applications,  it  is  permissible  to  neglect 
the  higher  harmonic  altogether,  and  replace  the  distorted  wave 
by  its  equivalent  sine-wave,  keeping  in  mind,  however,  the  existence 
of  a  higher  harmonic  as  a  possible  disturbing  factor,  which  may 
become  noticeable  in  those  very  infrequent  cases,  where  the  fre- 
quency of  the  higher  harmonic  is  near  the  frequency  of  resonance 
of  the  circuit. 

The  equivalent  sine-wave  of  exciting  current  leads  the  sine- 
wave  of  magnetism  by  an  angle  a,  which  is  called  the  "  angle  of 
hyateretie  ad/v<mce  of  jphaseP  Hence  the  current  lags  behind  the 
E.  M.  F.  by  90°  —  a,  and  the  power  is,  therefore : 

P  —  C E  cos  (90°  —  a)  =  C^^sin  a.  ' 

Thus  the  exciting  current  C  consists  of  an  energy  component : 
C  sin  a,  which  is  called  the  "  kysteretic  energy  cun*ent^^  and  a 
wattless  component :  C  cos  a,  which  is  called  the  "  magnetizing 
current^  Or  inversely,  the  b.  m.  f.  consists  of  an  energy  com- 
ponent: ^sin  a,  the  ^^hysteretic  energy  e.  m.  f.",  and  a  wattless 
component:  J? cos  a,  the  "^e.  m.  f.  ofself-iTiduGtiorhP 

Denoting  the  absolute  value  of  the  impedance  of  the  circuit 
'p  * 

by  u — where  u  is  determined  by  the  magnetic  characteristic  of 

the  iron,  and  the  shape  of  the  magnetic  and  electric  circuit — the 
impedance  is  represented,  in  phase  and  intensity,  by  the  symbolic 
expression : 

U  =^  r  — j  «  =  'W  sin  a  — j  u  cos  a. 
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and  the  admittance  by : 

I^  =  iO  +  ;*  <T  =  -  sin  a  +  7*  -  cos  a  =  v  sin  aA-iv  cos  a. 
u  u 

The  quantities :  t/,  r,  *  and  v^  /o,  a  are  not  constants,  however, 
in  this  case,  as  in  the  circuit  without  iron,  but  depend  upon  the 
intensity  of  magnetization,  B^  that  is,  upon  the  e.  m.  f. 

This  dependence  complicates  theinvestigation  of  circuits  con-^ 
taining  iron. 

In  a  circuit  entirely  enclosed  byaron,  a  is  quite  considerable, 
from  30  to  50  degrees  for  values  below  saturation.  Hence  even 
with  negligible  true  ohmic  resistance  no  great  lag  cam,  he  pro- 
dui^ed  in  ironclad  alternating  current  circuits. 

As  I  have  proved,  the  loss  of  energy  by  hysteresis  due  to 
molecular  friction  is  with  sufficient  exactness  proportional  to  the 
1.6th  power  of  magnetic  induction,  B.  Hence,  it  can  be  ex- 
pressed by  the  formula : 

//  =  7)  B'\ 
where 

H  =1  loss  of  energy  per  cycle,  in   ergs  or  (c.  o.  s.)  units 
(=  10"''  Joules)  per  cm.', 

B  =  maximum  magnetic  induction,^in  lines  of  force  per  cm.*, 
and, 

7j   =  the  "  coefficient  of  hysteresis." 

At  the  frequency,  i\^,  in  the  volume,  F,  the  loss  of  power  i& 
by  this  formula : 

P  =  ijN  VB'^  10-'  watts. 


=  ,i\r  F(^y*' 10-' watts, 


where  IS  is  the  cross-section  of  the  total  magnetic  flux,  M. 

The  maximum  magnetic  flux,  M^  depends  upon  the  counter 
E.  M.  F.  of  self-induction,  E^  by  the  equation : 
E=   V^nNnMlO-^, 

OT, 

V^n  N  n 
where  n  =  number  of  turns  of  the  electric  circuit. 

Substituting  this  in  the  value  of  thejpower,  P,  and  cancelling^ 

we  get : 

^     ^  FIO';' E^    VW 
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or 

P  =^  a  -^,  where :  a  =  7  <^^^^[rgur:^%  =  08  jy  ;§T^^6> 

or,  substituting 

Tj  =  .0033 : 

• = i"-"  ^ 

or,  substituting 

V  =  S  L,  where  Z  =  length  of  magnetic  circuit : 

__  Z  10^« _  58  ?  Z  10»  ^  ^01  4      Z 

*  ~  '^  2*  ;:*••  S'  n}'  S'n''  '     S-'  n''^ 

and 

191.4  jE'^L 


p  ^  58  7]  E'-^  L  W  __ 


As  seen,  the  hysteretic  loss  is  proportional  to  the  1.6th  power 
of  the  E.  M.  F.,  inverse  proportional  to  the  1.6th  power  of  the 
number  of  turns,  and  inverse  proportional  to  the  .6th  power  of 
frequency,  and  of  cross-section. 

It  p  =  equivalent  conductance,  the  energy  component  of  cur- 
rent IB  C  =  jE p,  and  the  energy  consumed  in  conductance  ^  is: 
P  =  CF=  E^p. 


Since,  however, 
it  is: 


7^16 


iT 


or. 


_  _  a ^       58  3y  Z  10^      ^  .  q.  ,  Z 

^       lY'E*        E-' N-'S-'n'-^  '    E'  JV-'  S-'  n'-' 

That  is : 

"  The  equivaleyit  conductance  due  to  mdgnetic  hysteresis^  is  pro- 
portioned  to  the  coeJicie?it  of  hysteresis^  jy,  cmd  to  the  length  of 
the  magnetic  circuity  Z,  and  inverse  pro2)ortional  to  the  .I/th 
power  of  the  E.  M.  F.^  E^  to  the  .6th  poioer  of  the  frequency^  N^ 
and  of  the  cross-section  of  the  magnetic  circuity  S^  a/nd  to  the 
1.6th  power  of  the  number  of  tums^  n." 

Hence,  the  equivalent  hysteretic  conductance  increases  with  de- 
creasing K.  M.  F.,  and  decreases  with  increasing  e.  m.  f.;  it  varies^ 
however,  much  slower  than  the  e.  m.  f.,  so  that,  if  the  hysteretie 
conductance  represents  only  a  part  of  the  total  energy  consump- 
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tion,  it  can  witluD  a  limited  range  of  variation,  as  for  instance, 
in  constant  potential  transformers,  without  serious  error  be  as- 
sumed as  constant. 

If: 

P  =  magnetic  reluctance  of  a  circuit, 

F  =  maximum  m.  m.  f., 

C  =  effective  current,  hence    • 
'    O  V2  =^  maximum  current,  it  is  the  magnetic  flux : 

P        ~P 

Substituting  this  in  the  equation  of  the  counter  e.  m.  f.  of 
self-induction : 

it  is: 

^ ' 

hence,  the  absolate  admittance  of  the  circuit : 

where 

10® 
b  = V  is  a  constant. 

Thus: 

"  The  absolute  admitta7ice,  v,  of  a  circuit  of  negligihle  resiftt- 
a/noe  is  proportional  to  the  ma^ettc  retuotancey  Py  and  inverse 
proportional  to  the  frequency,  i\^,  and  to  the  square  of  the  nvm- 
her  of  turns,  n." 

In  a  circuit  containing  iron,  the  reluctance,  P,  varies  with  the 
magnetization,  that  is,  with  the  e.  m.  f.  Hence,  the  admittance 
of  such  a  circuit  is  not  a  constant,  but  is  variable  also. 

In  an  ironclad  electric  circuit,  that  is,  a  circuit  whose  magnetic 
field  exists  entirely  within  iron,  as  the  magnetic  circuit  of  a  well- 
designed  alternating  current  transformer,  P,  is  the  reluctance  of 
the  iron  circuit.     Hence,  if  //  =  permeability, 
since, 

/>  =  ! 


and 


in 
M  =  8B  =  fiSH=  ma^etism, 
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it  is: 

p^    lOZ 


and,  BubBtituting  this  value  in  the  equation  of  the  admittance : 
P10« ZIP' d_ 

where : 

,  _     Z  10^  127  Z  10^ 

ThuB: 

"  In  an  ironclad  circuit j  the  absolute  admitta/nce^  v,  is  inverse 
proportional  to  the  frequency.  JVy  to  the  permeahlity^  fi^  the 
cross-section^  8y  and  square  of  the  number  of  twrns^  n,  and 
directly  proportional  to  the  length  of  the  magnetic  circuity  Z." 

The  conductance  is : 

the  admittance : 


N  ix' 
hence,  the  angle  of  hyBteretic  advance : 

am  a  =  <-  =      f"         ; 
V         dE* 

or,  substitntingforaandt?: 

.    „  N*     r,L  10»-«      %i?n^  8 

^  Ji'*  2*  ;r^-*  /S*  w^«     Z  10» 

_.  II  7)  N'*  71*  /g*  ;r-*  2^'^ . 

^.4    108.2  ' 

or,  substituting : 

E=z  2^nNnSB10-*: 

4  u  in 
em  a  =  -^ ; 

hence,  independent  of  frequency,  number  of  turns,  shape  and 
size  of  magnetic  and  electric  circuit. 

Thus  : 

'•  In  an  ironclad  inductance^  the  angle  of  hysteretic  advance^ 
a,  depends  upon  the  magnetic  constants  :  permeability  and  co- 
efficient of  hysteresis^  am,* I  upon  the  maximum  magnetic  indue- 
tion^  hut  is  entirely  independent  of  the  frequency ,  of  the  shape 
and  other  conditions  of  the  magnetic  amd  electric  circuity  and^ 
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therefore^  aU  the  ironclad  magnetic  cir&uita  constructed  of  the 
same  quality  of  iron^  and  using  the  same  magnetic  density,  give 
the  same  angle  of  hysteretic  advanced 

"  The  angle  of  bysteretic  advance,  at,  in  a  closed  circuit  tranB- 
former,  depends  upon  the  quality  of  the  iron,  and  the  magnetic 
density  only." 

"The  sine  of  the  angle  of  hysteretic  advance  equals  four 
times  the  product  of  permeability  and  coefficient  of  hysteresis, 
divided  by  the  .4th  power  of  the  magnetic  density : 

If  the  magnetic  circuit  is  not  entirely  ironclad,  but  the  mag- 
netic structure  contains  air-gaps,  the  total  reluctance  is  the  sum 
of  the  iron  reluctance  and  the  air  reluctance  : 

hence,  the  admittance  is : 

or: 

*'  In  a  circuit  containing  iron,  the  admittance  is  the  sum  of  the 
admittance  due  to  the  iron  part  of  the  circuit : 

•■ = ^  A. 

and  the  admittance  due  to  the  air  part  of  the  circuit : 

if  the  iron  and  the  air  are  in  series  in  the  magnetic  circuit." 
The  conductance,  /?,  represents  the  loss  of  energy  in  the  iron, 

and,  since  air  has  no  magnetic  hysteresis,  is  not  changed  by  the 

introduction  of  an  air-gap. 

Hence,  the  angle  of  hysteretic  advance  of  phase  is  : 

p  p  p         P\ 

and  is  a  maximum  =  £-,  for  the  ironclad  circuit,  but  decreases 

with  increasing  width  of  the  air-gap.     The  introduction  of  the 

p 
air-gap  of  reluctance,  P^,  decreases  sin  a  in  the  ratio  — — ^      . 

-^1  4"  Pft 

In  the  range   of   practical  application,  from  B  =   2,000  to 
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B  =  12,000,  the  permeability  of  the  iron  varies  between  900 
and  2,000  approximately,  while  sin  a  in  an  ironclad  circuit  varies 
in  this  range  from  .51  to  .69.     In  air,  t^  =  1. 

If,  consequently,  one  per  cent,  of  the  length  of  the  iron  is  re- 
placed by  an  air-gap,  the  total  reluctance  varies  only  in  the  pro- 
portion of  1-^  to  1^^  or  by  about  six  per  cent. ;  that  is,  is 
practically  constant,  while  the  angle  of  hysteretic  advance  varies 
from  sin  a  =  .035  to  sin  a  =  .064.  Thus  p  is  already  negligible 
compared  with  <j,  and  a  practically  equal  to  v. 

Hence : 

"  In  an  electric  circuit  containing  iron,  but  forming  an  open 
magnetic  circuit  whose  air-gap  is  not  less  than  yj^  the  length  of 
the  iron,  the  susceptance  is  practically  constant  and  equal  to  the 
admittance,  as  long  as  saturation  is  not  yet  approached,  and  it  is : 


IT'  "'  •  "  -  Pi- 
The  angle  of  hysteretic  advance  is  small,  below  4°,  and  the 
hysteretic  conductance  is 


At  a  sine-wave  of  impressed   e.  m.  f.,  the  current  wave  is 
practically  a  sine-wave." 

To  determine  the  electric  constants  of   a  circuit  containing 
iron,  we  shall  proceed  in  the  following  way : 

Let  E  =  counter  e.  m.  f.  of  self-induction  ; 
then  from  the  equation  : 

where : 

N  =  frequency, 

n  =  number  of  turns, 
we  get  the  magnetism,  J/,  and  by  means  of  the  magnetic  cross- 
section,  Sj  the  maximum  magnetic  induction :  ' 

B  -  ^^. 

From  B  we  get,  by  means  of  the  magnetic  characteristic  of 
the  iron,  the  m.  m.  f.,  i^,  in  ampere-turns  per  cm.  length,  where 

4  7t 

IT  ^=  M.  M.  F.  in  (o.  Q.  8.)  units. 
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Hence,  if 
Zi  =  length  of  iron  circuit,  Fi=^  LxF=  ampere-turns  required 
in  the  iron, 

L^  =  length  of  air  circuit,   F^   — -^ =  ampere-turns  re- 

quired  in  the  air, 
hence, 

F  =  Fx'\-  F^=^  total  ampere-turns,  maximum  value,  and 

F 

—71.  =  effective  value. 

The  exciting  current  is : 

F 

and  the  absolute  admittance : 

If  jPi  is  not  negligible  against  J^^,  this  admittance,  v,  is  vari- 
able with  the  E.  M.  F.,  F. 
If: 

V  =  volume  of  iron, 

7j  =  coefficient  of  hysteresis, 
the  loss  of  energy  by  hysteresis  due  to  molecular  magnetic  fric- 
tion is: 

hence  the  hysteretic  conductance : 

and  is  variable  with  the  e.  m.  f.,  F. 
The  angle  of  hysteretic  advance  is : 


sm  a  =  i-, 

V 

the  susceptance : 

<T  : 

=    Vv'  —  fi^^ 

the  equivalent  resistance : 

'=f>- 

the  reactance : 

'=?• 
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As  conclusions  we  derive  from  this  chapter : 

1.  In  an  alternating  current  circuit  surrounded  by  iron,  the 
current  produced  by  a  sine-wave  of  e.  m.  f.  is  not  a  true  sine-wave^ 
but  is  distorted  by  hysteresis. 

2.  This  distortion  is  excessive  only  with  a  closed  magnetic  cir- 
cuit transferring  no  energy  into  a  secondary  circuit  by  mutual 
inductance. 

3.  The  distorted  wave  of  current  can  be  replaced  by  the  equiv- 
alent sine-wave,  that  is,  a  sine- wave  of  equal  effective  intensity 
and  equal  power,  and  the  superposed  higher  harmonic,  consisting 
mainly  of  a  term  of  triple  frequency,  can  be  neglected  except  in 
resonating  circuits. 

4.  Below  saturation,  the  distorted  curve  of  current  and  its 
equivalent  sine-wave  have  approximately  the  same  maximum 
value. 

5.  The  angle  of  hysteretic  advance,  that  is,  the  phase  difference 

between  magnetism  and  equivalent  sine-wave  of  m.  m.  f.,  is  a 

maximum  for  the  closed  magnetic  circuit,  and  depends  then  only 

upon  the  magnetic  constants  of  the  iron :  the  permeability  u  and 

the  coefficient  of  hysteresis  tj,  and  upon  the  maximum  magnetic 

induction,  by  the  equation  : 

4  // » 
sm  a  =  -^ 

6.  The  effect  of  hysteresis  can  be  represented  by  an  admit- 
tance :    Y  =  p  +y  ^,  or  an  impedance  \  U  -=-  r  — j  b, 

7.  The  hysteretic  admittance,  or  impedance,  varies  with  the 
magnetic  induction,  that  is,  with  the  e.  m.  f.,  etc. 

8.  The  hysteretic  conductance  p  is  proportional  to  the  coeffici- 
ent of  hysteresis  yj  and  to  the  length  of  the  magnetic  circuit  Z, 
inverse  proportional  to  the  .4th  power  of  the  e.  m.  f.,  E^  to  the 
.6th  powei<  of  frequency  N  and  of  cross-section  of  the  magnetic 
circuit  /S,  and  to  the  1.6th  power  of  the  number  of  turns  of  the 
electric  circuit  n,  thus  expressed  by  the  equation : 


S  = 


58  3y  Z  10' 


E'  N''S^n>' 


9.  The  absolute  value  of  hysteretic  admittance  -w  =  V  p*  +  i^  is 
proportional  to  the  magnetic  reluctance :  P  =  Pi  +  P^,  and  in- 
verse proportional  to  the  frequency  iVand  to  the  square  of  the 
number  of  turns  n,  hence  expressed  by  the  equation  : 


•00  8TBINMETZ  ON  H78TERE8I8.  [May  18, 

10.  In  an  ironclad  circnit,  the  absolute  value  of  admittance  is 
proportional  to  the  length  of  the  magnetic  circuit,  and  inverse 
proportional  to  cross-section  6',  frequency  iT,  permeability  /t/,  and 
square  of  the  number  of  turns  n : 

127Z10* 


V,  = 


n'  SN  // 


11.  In  an  open  magnetic  circuit,  the  conductance  p  is  the  same 
as  in  a  closed  magnetic  circuit  of  the  same  iron  part. 

12.  In  an  open  magnetic  circuit,  the  admittance  v  is  practically 
constant,  if  the  length  of  the  air-gap  is  at  least  Yh  of  the  length 
of  the  magnetic  circuit,  and  saturation  is  not  approached. 

13.  In  a  closed  magnetic  circuit,  conductance,  susceptance  and 
admittance  can  be  assumed  as  constant  in  a  limited  range  only. 

14.  From  the  shape  and  the  dimensions  of  the  circuits,  and  the 
magnetic  constants  of  the  iron,  all  the  electric  constants :  />,  tf,  v ; 
r,  «,  u,  can  be  calculated. 

II. — Foucault  or  Eddy- Currents, 

While  magnetic  hysteresis  or  molecular  friction  is  a  magnetic 
phenomenon,  eddy-currents  are  rather  an  electrical  phenomenon. 
When  passing  through  the  iron,  the  magnetic  field  causes  a  loss 
of  energy  by  hysteresis,  which,  however,  does  not  react  magnet- 
ically upon  the  field.  When  impinging  upon  an  electric  con- 
ductor, the  magnetic  field  induces  a  current  therein.  The 
K.  M.  F.  of  this  current  reacts  upon  and  affects  the  magnetic  field 
more  or  less,  and  thus  an  alternating  magnetic  field  cannot  pen- 
etrate deeply  into  a  solid  conductor,  but  a  kind  of  screening  effect 
is  producedj  which  makes  solid  masses  of  iron  unsuitable  for 
alternating  fields,  and  necessitates  the  use  of  laminated  iron,  or 
iron  wire,  as  the  carrier  of  magnetism. 

The  eddy-currents  are  true  electric  currents,  though  flowing  in 
minute  circuits,  and  follow  all  the  laws  of  electric  circuits. 

Their  e.  m.  f.  is  proportional  to  the  intensity  of  magnetization 
^,  and  to  the  frequency  N. 

Thus  the  eddy-currents  are  proportional  to  the  magnetization 
£^  the  frequency  N^  and  the  electric  conductivity  j  of  the  iron, 
hence  can  be  expressed  by : 

The  power  consumed  by  the  eddy-currents  is  proportional  to 
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their  square,  and  inversely  proportional  to  the  electric  conductiv- 
ity, hence  can  be  expressed  by : 

or,  since  Ji  iVis  proportional  to  the  induced  e.  m.  f.,  E^  by  the 
equation : 

"  Tlie  loss  of  power  hy  eddy-currents  is  proportional  to  ihe 
^qvwre  of  the  e.  m.  f.,  and  proportional  to  the  electric  conductivity 
of  the  iron : 

W  =  alT"  r." 
Hence  that  component  of  the  effective  conductance,  which  is 
due  to  eddy- currents,  is  : 

W 

that  is : 

"  The  equivalent  conductance  due  to  eddy-currenta  in  the  iron 
is  a  constant  of  the  magnetic  circuity  independent  of  e.  m.  f., 
frequency^  ett\^  hut  proportional  to  the  electric  conductivity  of 
the  iron  yP 

Eddy-currents  cause  an  advance  of  phase  of  the  current  also, 
like  magnetic  hysteresis,  by  an  angle  of  advance^  )9,  but  unlike 
hysteresis,  eddy-currents  in  general  do  not  distort  the  current 
wave. 

The  angle  of  advance  of  phase  due  to  eddy-currents  is : 

sin  ^  =  ^, 

V 

where  v  =  absolute  admittance  of  the  circuit,  p  =  eddy-current 
•conductance. 

While  the  equivalent  conductance,/?  due  to  eddy-currents,  is  a 
constant  of  the  circuit,  independent  of  e.  m.  f.,  frequency,  etc., 
the  loss  of  power  by  eddy-cnrrents  is  proportional  to  the  square 
of  the  E.  M.  f.,  of  self-induction,  hence  proportional  to  the  square 
of  frequency  and  the  square  of  magnetization. 

Of  eddy-currents,  only  the  energy  component,  />  J?,  is  of  in- 
terest, since  the  wattless  component  is  identical  with  the  wattless 
component  of  hysteresis,  discussed  before. 

The  calculation  of  the  losses  of  power  by  eddy-currents  is  tlie 
following : 

Let  V  =  volume  of  iron, 

B  =  maximum  magnetic  induction, 
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N^  =  frequency, 

X  =  electric  conductivity  of  iron, 
e  =  coefficient  of  eddy-currents. 
The  loss  of  energy  per  cm.',  in  ergs  per  cycle,  is  : 

hence,  the  total  loss  of  power  by  eddy-currents  is  : 

TT  =  e  r  y  J^^  S^  10-^  watts, 
and  the  equivalent  conductance  due  to  eddy-currents : 
_  F^  _  IQtr  L   _  .507  g  r  L 

where : 

L  =  length  of  magnetic  circuit, 

S  =  section  of  magnetic  circuit, 

n  =  number  of  turns  of  electric  circuit. 

The  coefficient  of  eddy  currents,  e,  depends  merely  upon  the 
shape  of  the  constituent  parts  of  the  magnetic  circuit,  that  is, 
whether  iron  plates  or  wire,  and  thickness  of  plates  or  diameter 
of  wire,  ete. 

The  two  most  important  cases  are  : 
(a)  laminated  iron, 
(J)  iron  wire. 

a.  Laminated  Iron. 
Let,  in  Fig.  14, 

d  =  thickness  of  the  iron  plates, 
B  =  maximum  magnetic  induction^ 
N  =  frequency, 

y  =  electric  conductivity  of  the  iron. 
Then,  if  x  is  the  distance  of  a  zone,  d  »,  from  the  center  of 
the  sheet,  the  conductance  of  a  zone  of  thickness,  d  Xy  and  one 
cm.  length  and  width  is,  ^^  dx;  and  the  magnetic  flux  cut  by 
this  zone  is,  B  x.     Hence,  the  e.  m.  f.  induced  in  this  zone  is  : 

3  i:=z   V2  7C  JV  Bx{c.Q.  &.)  units. 
This  E.  M.  F.  produces  the  current : 

dC=d£:rdx=   V^t:  Jff  B  Yxdx{o.Q,s.)  units, 
if  the  thickness  of  the  plate  is  negligible  compared  with  the- 
length,  so  that  the  current  can  be  assumed  as  flowing  parallel  to- 
the  sheet,  in  the  one  direction  at  the  one,  in  the  other  directioa 
at  the  other  side. 
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The  power  consumed  by  the  induced  current  in  this  zone, 

d  W=:S  JSd  G=i 7C^  JV^ B^  Y  ix?  dx{c.Q.  a.)  units  or  erg  seconds, 
and,  consequently,  the  total  power  consumed  in  one  cm.^  of  the 
sheet  of  thickness,  d : 

_|_d  j^ 

d  W=J^J  dW=27r'JV^B'r    r  ^    ^dk 

=  '^^^-g^^^\ao.sOunite7 
6 

hence,  the  power  consumed  per  cm.'  of  iron  : 

8  W       7^  N'^  S^  r  d^ 
w  =  — —   = — '- (o.  o.  8.)  units  or  erg  seconds, 

and  the  energy  consumed  per  cycle  and  per  cm.*  of  iron  ; 
A  =  -_  =  — i ^ ergs. 

Thus,  the  coefficient  of  eddy-currents  for  laminated  iron  is : 

e  =  "L^  =  1.645  d\ 
6 

where  y  is  expressed  in  (o.  o.  s.)  units.  Hence,  if  x  ^  expressed 
in  practical  units,  or  mho-centimetres,  it  is : 


6 
Substituting  for  the  conductivity  of  sheet  iron  the  approxi- 


1.645  d^  10-^. 
6 

ting  for  the  conductiv 
mate  value : 

r  =  io», 

we  get: 
CoefBcient  of  eddy-currents  for  laminated  iron : 

e  =  ^d'lQr^  =  1.646  d»  IQ-*. 
6 

LoB8  of  energy  per  cm.'  and  cycle : 

A  =e  r  N^B*=  ^d^r  N  B*  10-»=1.645  d^f  NB*1Q^  ergs 

=  1.645  d^  NB^lQr*  ergs ; 
or, 

A  =  «  r  -^^  10^^  =  1-645  d^  JVB*  10""  joules. 
Loss  of  power  per  cm.*  at  frequency  N : 


<M)4 


STBINMBTZ  ON  H78TBRB8ia, 


[May  18, 


w?  =  N,h  =  erJV^B^  10-'  =  1.645  d^  N^ S^  10""  watts, 
and,  total  loss  of  power,  in  volume  F: 

TT  =   Vxo-  1.645  F  rf^    .V*  ^  iqIh  ^^tts. 
Instance : 
d^\  mm.  =  .1  cm.   N  =  100.    Z?  =  6,000.    V  =  1,000  cm.« 
€  =  1,645  X  10-", 
A  =  4110  ergs  =  .000411  joules, 
w  =  .0411  watts, 
FF  =  41.1  watts. 


•  ! 


>^ 


Fig.  14. 


Fio.  15. 


J.  lr(yti  Wire. — Let,  in  Fig.  15,  d  =  diameter  of  wire; 
then,  if  x  is  the  radius  of  a  circular  zone  of  thickness,  rfa?,   and 

one  cm.  length,  the  conductance  of  this  zone  is,  X. ,  and  the 

2  TT  a; 

magnetic  flux  enclosed  by  the  zone  is  B  a^  n. 
Hence,  the  e.  m.  f.  induced  in  this  zone  is : 

di:=    \^2  7r^  ]\rBa^{c.G.  s.)  units. 
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and  the  current  produced  thereby  : 

Z  TT  X 

=  — - —  Y  N  B  X  d  X  (q,  Q.  8.)  units, 

hence,  the  power  consumed  in  this  zone : 

d  W=z  d  EdC  ^7fr  N^  B^ix?dx{c.o,^,)  units, 
and,  consequently,  the  total  power  consumed  in  one  cm.  length 
of  wire: 

d 

dW=:r^dW='n^r^^B'   r^  u?dx 

=  |-'  r  iV^'  ^  rf*  (c.  a.  8.)  units. 

Since  the  volume  of  oifc  cm.  length  of  wire  is: 

d^'n 

.  =  _, 

power  consumed  in  one  cm.'  of  iron  is : 

w  ==  =r  ^^  iV2  ^  ^2  (o.  Q.  8.)  units  or  erg  seconds, 

and  the  energy  consumed  per  cycle  and  cm.*  of  iron : 

A  =  ^  =  i^r^^'ergs. 
iT         16  '  ^ 

Thus,  the  coefficient  of  eddy-currents  for  iron  wire  is : 

e  =  ^-d''  =  .617  rf^ 
16  ' 

or,  if  Y  is  expressed  in  practical  units  or  mho  centimetres  =  10"^ 
absolute  units : 

e  z=  -^  ^2  10-"»  =  .617  rf^  10-«. 
16 

Substituting : 

r  =  io«, 

we  get: 
Coefficient  of  eddy-currents  for  iron  wire: 

£  =  ^E!  ^2  10-*  =  .617  d''  10-^. 
16 

Loss  of  energy  per  cm.'  of  iron,  and  per  cycle : 

A  =  6  r  ^"^  =  —  ^'  r  ^  ^  10'  =  -617  d'^r  N  B"  10-^ 
/  16       '  ' 
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=  €  r  iV^  -5*  10-'  =  .617  d^  N B'  lU""  joules. 
Loss  of  power  per  cm.*,  at  frequency  N\ 
w=:  Nh  =  BY  N^  ^10-'  =  .817  d^  N^  B^  10-"  watts, 
and,  total  loss  of  power,  in  volume  F: 

W  =  Vw  =  .817  Frf2  ^2  ^  ,0-11  ^atts. 

Instance : 
^?  =  1  mm.  =  1  cm.     N  =  100.     B  =  5000.     V  =  1000  cm.» 
e  =  .617  X  10-^ 
h  =  1540  ergs  =  .000154  joules, 
w  =  .0154  watts, 

W  =  15.4  watts,  hence  very  much  less  than  in 
sheet  iron  of  equal  thickness. 

Compa/rison  of  sheet  iron  and  iron  ^ire. 
If 

rfi  =  thickness  of  lamination  of  sheet  iron,  and 
di  =  diameter  of  iron  wire,  it  is : 
coefficient  of  eddies  in  sheet  iron : 

coefficient  of  eddies  in  iron  wire : 

t^  =  :^di  10-*. 
18 

The  loss  of  power  is  equal  in  both — other  things  being  eqnal — 
if  €i  =  635  ^^^  is: 

^  =  1.63  rfi. 

That  is : 

The  dia  neter  of  iron  wire  can  be  1.63  times,  or  roughly  If 
as  large  as  the  thickness  of  laminated  iron,  to  give  the  same  loss 
of  energy  by  eddy-currents. 

Alternating  Current  Transformer. 

The  relative  proportions  of  wire  and  lamina  are  shown  in 
Fig.  16. 

The  same  formulas  obviously  apply  to  the  eddy -currents  in 
masses  of  any  other  material,  substituting  for  y  the  proper  value. 
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As  an  instance  of  the  calcnlation  of  ferric  inductances,  the 
general  equations  of  the  alternate  current  transformer  may  be 
given. 
Let: 
Yo  =  p^--\-j  ^Q  =  hysteretic  admittance  of  primary  coil, 
Uq  -=  Tq  — j  Sq  =  impedance  of  primary  coil, 
Ui  =  ri  — j  8i  =  impedance  of  secondary  coil, 
where  the  inductances,  Sq  and  «i,  refer  to  the  flow  of  true  self-in- 
duction, that  is,  that  magnetism,  which  surrounds  one  of  the 
transformer  coils  only,  but  not  the  other. 

Let  a  =  !??  =  ratio  of   turns  of  primary   and   of  secondary 

Til 

coiL 


Km.  16. 

Then,  denoting  the  terminal  voltage  of  primary  and  of 
secondary  coil  by  ^  and  J?i,  and  the  e.  m.  f.'s  induced  in  these 
coils  by  the  magnetic  flux  surrounding  them  by  £o  and  jEJ^it  is: 

Denoting  the  total  admittance  of  the  secondary  circuit — in- 
cluding the  internal  impedance  of  the  secondary  coil — by : 

the  secondary  current  is : 

Q  =  T,  E,\ 
consisting  of  the  energy  component,  p^  E^^  and  the  wattless 
component,  a^  E^. 

Hereto  corresponds  the  component  of  primary  current,  by  the 
ratio  of  turns: 

a  a     ' 
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The  primary  exciting  current  (current  at  open  secondary  cir- 
cuit) is  : 

600  =  io  A) 
=  F,o^,S 
hence,  the  total  primary  -current : 

a 
and,  tlie  ratio  of  primary  and  of  secondary  current : 

The  terminal  voltage  of  the  secondary  coil  is : 

=  E^  (1  -  u,  r,). 

The  terminal  voltage  of  the  primary  coil  is  : 

^  =  ^  +  ^0  0. 

=  aE^^  ^L£^{T,  +  a^  F,) 
a 

=  a  E,^  (1  +  Ih  Y,  =  ^^y 
f  primary  and  of  second 
^  1  +  Z7o  Fo  + 

^1  1  —  ir,  Y, 

That  is,  if,  at  the  primary  impressed  e.  m.  f.,  ^,  the  secondary 
circuit  is  closed  by  the  admittance  Yi ,  it  is : 
Ratio  of  transformation  of  e.  m.  f.'s  : 


hence  the  ratio  of  primary  and  of  secondary  terminal  voltage : 


E,  1-  Cr,Y, 

Ratio  of  transformation  of  currents : 

C,       a\    '^    Y,   ) 
where  these  ratios  are  complex  quantities  of  the  form : 

p  (cos  w  -\-  j  sin  cD), 
thus  denoting  the  numerical  value  of  the  ratio  of  transformation 
by  the  vector^,  and  the  phase  difference  between  primary  and 
secondary  circuit  by  angle  w. 
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DlSCTJBSION. 

Db,  Bbdbll  : — Mr.  President,  I  would  like  to  comment  on 
the  remarks  of  Mr.  Steinmetz  on  the  idea  of  the  equivalent  sine- 
wave.* 

The  distorted  nature  of  actual  current  waves  has  been  particu- 
larly emphasized  in  the  valuable  paper  to  which  we  have  listened 
this  morning.  Although  we  know  that  this  distortion  exists,  we 
still  find  it  convenient  to  make  what  we  call  the  ^^  sine  assump- 
tion." Now  this  sine  assumption  does  not  mean  as  commonly 
supposed,  that  we  consider  that  the  current  is  actually  harmonic. 
Wnen  we  assume  a  harmonic  current  we  simply  assume  a  har- 
monic current  to  which  the  actual  current  is  equivalent.  This 
has,  I  think,  been  already  pointed  out  by  Mr.  Steinmetz  as  well 
as  by  Dr.  Crehore  and  myself.^  The  sine  assumption  with  this 
meaning  has  proved  very  useful  in  combining  experimental  and 
theoretical  results,  and  is  not  open  to  the  criticism  which  is  often 
given,  that  we  do  not  have  perfect  sine  currents  under  ordinary 
circumstances. 

I  would  like  to  question  Mr.  Steinmetz  in  regard  to  one  other 
point ;  that  is  in  regard  to  the  hysteresis  loss  m  the  revolving 
armature  as  compared  to  the  hysteresis  loss  in  the  transformer, 
and  I  would  like  to  ask  how  he  applies  his  law  to  the  two  cases. 

Mb.  Steinmbtz: — With  regard  to  the  loss  of  energy  by  mag- 
netic friction  in  a  rotary  raaffnetic  field,  as  for  instance  in  the 
revolving  armature  of  a  bipoLar  smooth  core  dynamo,  I  found 
no  essential  difference  with  the  loss  in  an  alternating  field.  But 
I  found  that  occasionally  the  observed  core  loss  in  the  armature 
of  a  machine  is  not  the  molecular  magnetic  friction  only,  but 
superimposed  upon  it  are  eddy-current  losses  in  the  iron,  the 
shields,  etc.,  ana  in  the  conductors,  which  losses  are  proportional 
to  the  square  of  the  magnetization.  Thus,  the  observed  core 
loss  sometimes  rises  with  a  power  higher  than  1.6,  sometimes 
nearly  approaching  the  square.  But  by  laminating  the  iron  very 
carefully,  designing  the  mechanical  construction  so  as  to  expose 
no  solid  metal  to  the  alternating  field,  and  shaping  the  conductors 
so  as  to  exclude  eddy  currents,  i  always  got  curves  very  nearly 
proportional  to  the  1.6  power,  like  the  one  I  show  here  for  a 
variation  of  voltage  up  to  9,000  volts,  that  is,  up  to  very  high 
magnetic  densities  (about  £  =  19,000).  There  you  see  the  curve 
of  1.6  power  in  drawn  line,  very  closely  representing  the  ob- 
served core  losses.  The  points  marked  by  crosses  are  the 
observed  values  of  the  power  consumed  by  the  generator  less  the 
friction  of  the  belt.  So  I  think  the  law  holds  for  generators  just 
the  same,  and  therefore  I  believe  the  law  applies  not  to  the 
hysteresis  loss,  but  to  the  loss  by  molecular  magnetic  friction, 
since  in  the  generators  we  probably  have  no  hysteresis.     I  took 

1.  Tbaksactions.  vol.  xi.  p.  46. 

2.  GeometricAl  Proof  of  the  Three-ammeter  Method  of  Measuring  Power. 
PhyHeal  BeneWy  vol.  1.  No.  1,  p.  61. 
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pains  once  to  find  out  if  tliere  is  a  lag  of  the  magnetism  behind 
the  resultant  magnetizing  force  in  a  generator,  which  would  dis- 
tort the  wave  of  electromotive  force,  but  I  did  not  find  anything 
of  the  kind.  I  found  no  hysteretic  lag.  Thus  the  total  loss  of 
energj^j  which  as  you  see  here  in  this  case  is  many  kilowatts,  is 
supplied  directlv  by  the  mechanical  power,  in  which  way  I  am 
not  able  to  say,  but  it  is  not  in  the  form  of  a  hysteretic  loop,  at 
least  not  a  hysteretic  loop  of  noticeable  size. 

Prop.  Anthony  : — I  would  like  to  ask  one  question  simply  to 
see  whether  I  have  properly  understood  Mr.  Steinmetz.  I 
understand  him  to  mean  when  he  speaks  of  equivalent  sine- 
curves  the  several  component  sine-curves  into  which  the  distorted 
curve  could  be  resolved. 

Mb.  Steinmetz  : — No,  I  meant  a  true  sine-wave  of  current  of 
the  same  frequency  as  the  fundamental,  the  same  effective 
intensity  as  the  total  distorted  Wave,  and  shifted  against  the 
equivalent  sine-wave  of  electromotive  force  by  such  an  angle 
that  its  power  in  watts  equals  that  of  the  distorted  wave.  I  can 
say  that  the  eqivalent  sine  wave  is  not  identical  with  the  funda- 
mental sine-wave,  except  in  the  cajse  where  the  sum  total  of 
higher  harmonics  is  wattless,  because  tha  equivalent  sine-wave 
includes  the  energy  of  the  higher  harmonics  also,  and  thus  the 
remainder,  or  the  difference  between  distorted  wave  and  equiva- 
lent sine-wave,  generally  includes  a  component  of  the  same  fre- 
quency as  the  fundamental. 

Mk.Kennelly: — This  paper  seems  to  me  to  be  valuable, 
first,  for  its  bearing  upon  the  subject  of  hysteresis  and  its  nature, 
and,  secondly,  upon  the  practical  determination  of  inductances  or 
of  equivalent  inductances  in  coils  containing  iron,  such  as  trans- 
formers. The  main  point,  it  seems  to  me,  can  be  stated  in  a  very 
few  words.  When  the  current  is  no  longer  a  sinusoidal  wave, 
if  it  becomes  distorted  by  the  action  of  iron  in  the  circuit,  it 
is  a  complicated  wave  such  as  shown  at  f  in  the  Figs.  7  and  8, 
etc.  But  the  ammeter  or  dynamometer  which  is  used  to  measure 
that  distorted  current  will  show  some  effective  current  strength 
which  might  be  attributable  to  a  pure  sinusoidal  current.  It 
would  show  a  current  strength  in  amperes  which  would  be  rep- 
resented by  the  curve  c,  so  that  the  real  current  f,  whose  shape 
can  only  be  determined  bv  a  long  series  of  experiments,  has  an 
equivalent  representation  in  the  dynamometer  such  as  would  be 

S reduced  by  a  current  of  the  pure  sine  shape  of  o.  But  if  you 
o  not  carry  the  magnetization  too  high,  the  amplitude  of  the 
pure  sine-wave  c,  such  as  the  dynamometer,  would  lead  you  to 
suppose  exists,  and  the  amplitude  of  the  actual  distorted  wave  f 
are  equal.  This,  if  true,  is  an  important  and  valuable  proposi- 
tion, because  it  gives  you  the  maximum  number  of  ampere-t^ms 
on  the  magnetic  circuit,  the  maximum  cyclic  magneto-motive 
force.  But  it  is  pointed  out  that  when  you  get  beyond  10  kilo- 
gausses  in  your  iron,  you  will  no  longer  have  this  relation  main- 
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tained.  That  is  in  agreement  with  the  observations  in  Dr. 
Pn pin's  valuable  paper  read  this  morning,  where  it  is  shown 
that  the  harmonics  of  his  primary  currents  remained  [)ropor- 
tional  to  the  current  strengtn  if  he  did  not  go  up  too  far  in  flux 
intensity,  and  that  is  bearing  directly  on  this  paper.  If  you  do 
not  go  beyond  10  kilogausses  you  will  probably  have  those  two 
wave  crests  on  the  same  line. 

Db.  Bebell  : — There  is  one  point  to  which  a  little  further 
attention  might  be  given,  and  that  is  in  regard  to  the  lag  of  the 
current  behind  the  electromotive  force  when  the  current  and 
electromotive  force  are  not  harmonic.  Those  who  have  had  occa- 
sion to  make  a  study  of  currents  which  are  not  strictly  harmonic 
and  desire  to  find  the  phase  relations,  have  doubtless  met  this 
question.  The  phase  difference  between  the  maximum  values 
and  zero  values  or  any  other  values  of  the  current  and  electro- 
motive force  a^  not  the  same.  The  use  of  the  equivalent  sine 
function  is  the  solution  of  this  question.  We  assume  an  equiva- 
lent electromotive  force  which  is  harmonic  and  has  the  same  mean 
square  value  as  the  electromotive  force  which  is  not  harmonic, 
and  we  do  the  same  with  the  current  We  then  set  these  two 
with  such  an  angle  of  lag  between  them  that  the  power  is  the 
same.  Now  we  can  get  our  power  from  other  measurements 
and  by  these  measurements  of  the  power,  the  current  and  the 
electromotive  force,  we  thus  have  a  measure  of  the  angle  of  lag 
in  degrees,  which  cannot  be  otherwise  obtained  when  the  currents 
are  far  from  being  harmonic.  In  other  words,  we  say  the  power 
is  fT  =  E  IcoQ  o.  By  measuring  TF,  E  and  /,  we  may  find  a 
va^ue  for  the  angle  0j  whether  the  current  is  harmonic  or  not 

Mb.  Steinmbtz: — I  would  like  to  point  out  one  thing  here, 
not  to  allow  a  misconception  to  arise.  This  dissolving  of  the 
distorted  wave  into  an  ec^uivalent  sine-wave,  and  a  wattless  re- 
mainder is  not  identical  with  the  dissolving  of  it  by  Fourier'a 
theorem  into  a  series  of  sine- waves,  because  the  equivalent  sine- 
wave  0  is  not  the  fundamental  component  of  the  total  wave,  but 
the  wattless  remainder  of  apparently  triple  frequency,  shown 
here,  may  contain  a  term  of  simple  frequency. 

To  fix  a  definition  of  this  equivalent  sine-wave,  it  is  "a  sine- 
wave  of  equal  effective  intensity  and  equal  power  with  the  true 
wave."  If  you  take  a  wave  of  electromotive  force,  for  instance, 
and  a  wave  of  current,  then  the  higher  harmonics  may,  but  need 
not,  be  powerless.  This  is  especially  the  case  if  you  have  the 
current  distorted  by  h  vsteresis. 

Db.  Pupin  : — I  mignt  say  a  word  or  two  on  this  paper  of  Mr. 
Steinmetz,  a  very  interesting  paper  indeed.  In  the  first  place 
in  studying  these  harmonics  in  the  course  of  last  year  I  had, 
especially,  Prof.  Rowland's  paper  of  1892  to  guide  me,  in  which 
a  radically  different  view  was  taken  from  that  of  Prof.  Fleming. 
Comparing  these  two  views  with  my  own  work,  it  seemed  to  me 
that  they  could  be  reconciled  to  a  certain  extent  in  this  way  . 
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The  hysteresis  loop  reminds  us  of  two  thinss :  In  the  first  place, 
of  the  loss  of  energy,  and,  in  the  second  place,  of  the  variation 
of  permeability.  Now  Dr.  Fleming  ascrioed  the  generation  of 
harmonics  to  the  action  of  hysteresis  in  general,  not  saying 
exactly  what  he  meant  by  it.  Hysteresis  is  a  very  broad  term 
and  may  be  made  to  mean  a  great  many  things.  Prof.  Rowland 
specified  his  view  and  ascribed  the  ^re^ence  of  harmonics  to  the 
variation  of  permeability.  Both  views,  therefore,  refer  to  the 
hysteresis  loop  for  an  explanation  of  the  distortion  of  the  current 
wave.  In  the  course  oi  a  discussion^  at  a  meeting  of  this  Insti- 
tute, I  suggested  that  the  distortion  of  alternating  current  waves 
could  be  very  well ,  studied  by  studying,  with  the  aid  of  the 
hysteresis  loop,  the  process  of  magnetization  and  demagnetization 
during  each  cycle.  Mr.  Steinmetz's  method  is  exactly  the 
method  to  which  I  referred  at  that  time.  1  am  sorry  that  Mr. 
Steinmetz  has  not  explained  the  details  of  the  method  of  his 
investigation  and  the  aata  obtained  by  it,  which  enabled  him  to 
plot  the  harmonics  of  various  frequencies  from  the  hysteretic 
loop. 

Another  point  that  I  would  like  to  mention  refers  to  what  Mr. 
Steinmetz  calls  "  molecular  friction."  The  distinction  between 
molecular  friction  and  hysteresis  does  not  seem  (juite  clear  from 
Mr.  Steinmetz's  paper.  I  have  expressed  my  opmion  on  several 
occasions  in  the  course  of  this  and  last  year,  that  there  are  certain 
phenomena  going  on  during  each  complete  cycle  of  magnetization 
of  iron  which  cannot  very  well  be  explaineci  by  Foucault  current 
and  hysteresis  as  commonly  understood,  but  which  phenomena 
seem  to  point  out  clearly  the  existence  of  additional  passive 
resistances.  Possibly  Mr.  Steinmetz  means  the  same  thing  when 
he  speaks  of  molecular  friction.  There  is  certainly  a  very 
marked  difEerence  between  the  action  of  iron  when  it  forms  a 
closed  magnetic  circuit  and  when  it  does  not  form  such  a  circuit, 
especially  in  its  damping  action  upon  a  resonating  current. 
Again,  certain  kinds  of  iron  may  have  a  large  hysteretic  constant, 
but  only  a  small  damping  constant,  etc.  These  differences  appear 
at  all  magnetizations,  even  at  magnetizations  due  to  telepnonic 
<5urrents,  and  are  especially  markeaat  higher  frequencies.  There 
is  a  certain  magnetic  sluggishness  in  every  piece  of  iron,  and  it  is 
my  opinion  that  this  sluggishness  is  not  measured  by  the  hysteret- 
ic action  as  ordinarily  understood,  nor  by  Foucault  current  losses. 
Now  what  this  sluggishness  is,  it  is  difficult  to  tell.  The  inven- 
tion of  a  new  name  Tike  "  molecular  friction  "  certainly  does  not 
advance  our  knowledge  one  bit.  It  may  retard  it  if  the  new 
name  should  lead  us  to  believe  that  further  inquiry  into  the 
matter  will  lead  to  nothing  more  than  mere  commonplace 
molecular  friction. 

Mr.  Steinmetz: — I  think  Dr.  Pupin  is  mistaken  in  his  state- 

1.  See  discussion  of  Dr.  Bell's  paper,  **  Practical  Properties  of  Polyphase 
Apparatus."    Transactions,  vol.  xi,  p.  46. 
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ment  with  regard  to  the  name  hysteresis.  The  word  has  a  well- 
defined  meaning.  It  was  introduced  merely  to  denote  the  lag  of 
the  magnetism  behind  the  magnetomotive  force,  as  the  derivation 
of  the  word  signifies,  which  lag  causes  the  magnetism  as  function 
of  an  alternating  m.  m.  f.  to  describe  a  closed  curve,  the  ^'  loop  of 
hysteresis." 

Afterward  it  was  shown  by  Warburg  and  Ewing  tliat  the  area 
of  the  hysteretic  loop  represents  energy,  and  represents  the  energy 
expended  by  the  magnetomotive  force  during  the  cycle  of  mag- 
netism, and  from  this,  the  erroneous  conclusion  has  been  drawn 
that  this  hysteretic  energv  is  the  energy  lost  in  the  iron  by  molec^ 
ular  magnetic  friction,  that  is,  by  changing  the  magnetic  state 
of  the  iron.  That  is  what  1  want  to  make  clear— that  this  con- 
elusion  is  wrong ;  that  this  energy  expended  by  the  magneto- 
motive force  is  not  necessarily  the  energy  wasted  in  the  iron. 
The  energy  represented  by  the  hysteretic  loop  or  a  part  of  it  may 
be  converted  into  mechanical  motion,  or  the  energy  lost  in  molec- 
ular magnetic,  friction  may  be  supplied  by  mechanical  energy, 
and  the  hysteretic  loop  may  collapse,  or  may  expand  considerably, 
so  that  between  the  area  of  the  hysteretic  loop  and  the  loss  of 
energy  in  the  iron  there  is  no  direct  relation.  I  have  explained 
this  quite  fully  and  shown  by  tests  in  my  second  paper  on  hys- 
teresis.^ Since,  however,  it  seems  to  have  escaped  attention, 
probablv  due  to  the  length  of  aforesaid  paper,  I  thought  it 
advisable  to  discuss  it  again  more  fully  in  my  present  paper. 

Now  with  regard  to  the  changes  of  permeability  and  to  hyster- 
esis as  producers  of  higher  harmonics,  the  statement  that  hysteresis 
prodnces  higher  harmonies,  is  quite  correct.  It  produces  higher 
narmonics,  but  change  of  permeability  does  the  same,  or  rather, 
hysteresis  is  nothing  but  a  change  of  permeability.  Take  this 
case  I  show  here  on  pages  575-7,  r  igs.  2  and  4.  There  you  have  the 
loop  of  hysteresis  produced  by  the  variable  permeability.  What 
Prof.  Pnpin  means  in  his  statement  that  hysteresis  does  not  pro- 
duce higher  harmonics  is  probably  that  molecular  magnetic  fric- 
tion does  not  necessarily  cause  higher  harmonicf>,  and  with  that  I 
agree ;  higher  harmonics  of  current  appear  only  when  the  molec- 
ular magnetic  friction  causes  a  variation  of  permeability  in  the 
form  of  nysteresis.  But  beside  this,  there  are  undoubtedly  still 
other  causes,  which  produce  higher  harmonics,  which  are  neither 
change  of  permeability  nor  hysteresis. 

Oi  any  sluggishness  displayed  by  the  iron  in  changing  its 
magnetic  state,  fhave  never  found  any  trace  which  could  not  be  ex- 
plained as  the  effect  of  tlie  hysteretic  loop,  and  thus  do  not  believe 
that  any  such  sluggishness  or  viscous  hysteresis  exists  at  ordinary 
frequencies  of  a  few  hundred  cycles. 

The  difference  in  the  action  of  a  closed  circuit  transformer  and 
an  open  circuit  transformer  is  fully  explained  by  the  fact  that  t^e 
open  circuit  transformer  is  at  open  secondary  circuit  highly  in- 

1.  Tbansactions,  1892,  vol.  ix,  chapter  v,  p.  711. 
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ductiye ;  that  is,  the  cnrrent  passing  through  it  is  almost  all  idle 
or  wattless  current,  having  a  small  energy  component  only.  In 
the  closed  circait  transformer  the  magnetizing  cnrrent  is  so  small 
that  the  exciting  cnrrent  is  largely  energy  current — ^hysteretic 
energy  current — the  angle  of  lag  being  even  at  open  secondary 
circuit  only  from  40  to  60  degrees.  This  expUins  that  no  reson- 
ance can  be  produced  by  a  closed  circuit  transformer,  since  re- 
sonance presupposes  a  highly  inductive  circuit,  which  the  trans- 
former is  not. 

Can  anyone  inform  me  when  the  relation  between  the  distor- 
tion of  the  alternating  current  wave  and  the  hysteretic  loop  was 
first  stated  by  Fleming? 

Db.  Fupin  : — It  is  in  the  second  volume  of  his  book. 

Me.  Steinmetz  : — If  you  go  back,  for  instance,  in  our  Tbans- 
AoriONs  to  Prof.  Ryan's  paper^  I  think  it  came  out  in  1881),  he 
plotted  the  hysteretic  loop  irom  the  wave  shape  of  the  current, 
thereby  making  use  of  the  feature,  that  the  distortion  of  the  cur- 
rent wave  is  due  to  the  hysteresis,  and  that  the  hysteretic  loop 
can  be  reproduced  from  the  distortion.  What  I  did  here  was 
merely  to  reverse  the  process.  But  this  has  probably  also  been 
done  before  that.  Thus  I  did  not  need  to  give  a  very  explicit  de- 
scription. But  I  think  the  credit  of  having  first  shown  this  rela- 
tion between  distortion  and  hysteresis  is  due  to  Prof.  Ryan. 

Db.  Pupin  : — I  do  not  think  that  Prof.  Ryan  employed  the 
hysteretic  loop  for  plotting  the  various  harmonics.  It  I  remem- 
ber correctly,  the  curves  of  current  and  electromotive  force  were 
plotted  by  sliding  contact,  and  then  the  harmonics  were  deter- 
mined by  the  ordinary  method  of  harmonic  analysis. 

Mb.  Steinmktz  : — I  think  he  did  it  directly  from  the  shape  of 
the  wave  of  the  current,  not  from  the  watt  curve,  if  I  am  not 
mistaken.     I  really  do  not  remember  exactly. 

Db.  Pupin: — Perhaps  Dr.  Bedell  can  tell  us? 

Db.  Bedell  : — I  think  that  the  relation  between  hysteresis  and 
the  shape  of  the  current  curve  was  first  bronght  out  by  Professor 
Ryan  and  described  by  him  in  his  paper*  on  tr^nsformeri  before 
this  Institute  in  1889.  In  conjunction  with  Professor  Merritt, 
he  constructed  a  hysteresis  loop  from  the  curves  of  current  and 
electromotive  force  taken  by  the  method  of  instantaneous  con- 
tact. From  these  curves  for  current  and  electromotive  force, 
they  did  construct  a  watt  curve,  as  Dr.  Pupin  states,  but  they 
made  no  use  of  this  in  determining  the  hysteresis  loop,  obtaining 
the  latter  directly  from  the  instantaneous  curves.  That  this 
relation  between  the  current  curve  and  the  hysteresis  loop  existed 
had  been  pointed  out  a  little  before  this  time  by  Dr.  Hopkinson,' 
who  showed  the  relation  by  means  of  a  graphical  construction 

1.  Transactions,  vol.  vii.  p.  1. 

2.  Ibid, 

3.  Hopkinson:  **InductioQ  Coils  or  Transformers."    Proceeding»  of  the  Royal 
Society,  Feb.  17,  1887.    Also  given  on  p.  184  of  his  re-printed  papers. 
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involving  three  dimensions  which  was  based  upon  some  results 
obtained  analytically  from  fundamental  differential  equations. 
As  far  as  1  am  aware,  however,  it  has  not  been  until  recently 
that  Dr.  Hopkinson  has  made  any  investigations  in  this  direction. 
In  a  paper^  published  a  year  ago  or  so,  he  described  an  extended 
investigation  in  which  liysteresis  loops  were  obtained  for  different 
frequencies  from  curves  taken  by  the  method  of  instantaneous 
contact.  This  is,  I  think,  the  most  complete  investi^tion  upon 
this  line  of  work  which  has  thus  far  been  publislied ;  but  it 
differs  from  the  work  of  Byan  and  Merritt  only  in  its  greater 
completeness. 

In  a  paper'  published  about  a  year  before  the  work  done  by 
Professors  Ryan  and  Merritt,  Dr.  oumpner  showed  a  very  pretty 
graphical  construction  for  obtaining  the  current  curve  when  we 
are  given  the  electromotive  force  and  a  curve  showing  the  rela- 
tion between  the  current  and  the  time-constant  of  the  circuit. 
This  is  at  least  of  considerable  theoretical  interest ;  but  he  could 
have  carried  it  further.  Furthermore,  if  I  remember  rightly,  he 
did  not  take  a  different  time-constant  curve  for  his  ascending  and 
descending  values.  He  did  not  accomplish  by  his  method,  how- 
ever, that  which  was  done  by  Ryan  and  Merritt,  viz.,  the  con- 
struction of  a  hysteresis  loop  from  the  current  curve. 

Dielectric  hysteresis,  as  well  as  magnetic,  affects  the  shape  of 
the  current  curve.  I  have  already  had  the  pleasure  of  calling  the 
attention  of  the  Institute  to  this  relation,  and  of  describing  a 
method  for  detertnininfi:  the  hysteresis  loop  for  a  condenser. 
Such  a  loop  is  given  in  the  Tbansaotions*  for  last  year. 

Each  one  of  the  papers  I  have  referred  to  has  contributed 
something  of  value  to  the  question  at  hand,  and  due  credit  should 
be  given  to  each  of  the  several  writers ;  but  1  think  that  to  Pro- 
fessors Ryan  and  Merritt  must  be  given  the  credit  for  the  practi- 
cal development  of  the  subject.  The  harmonic  analysis  of  these 
curves  according  to  Fourier's  theorem  was  worked  out  by  them 
and  is  given  by  Dr.  Fleming  in  the  second  volume*  of  his  work 
on  transformers.  The  fundamental  together  with  the  third  and 
fifth  harmonics  were  found  to  closely  represent  the  actual  dis- 
torted wave. 

In  conclusion  I  would  say  that  I  consider  all  this  work  of  par- 
ticular significance,  combining,  as  it  does,  observed  phenomena 
and  mathematical  analysis.  Theoretical  deductions  are  always 
based  upon  certain  premises,  and  in  many  cases  these  premises 
have  consisted  of  artificial  conditions.  The  conclusions  are  rigor- 
ously true  under  the  assumed  conditions,  but  the  conditions  are 
unobtainable.     We  are  acquiring  greater  ability  in  making  our 

1.  Drs.  J.  and  B.  Hopkinson  :  London  Electrician,  Sept.  9,  1892.  Also: 
"  Gray's  Absolute  Measurements  in  Electricity  and  Magnetism,"  vol.  ii,  p.  752. 

2.  Sumpner:  Philosophical  Magasdne,  June,  1888,  p.  468. 
8.  Trahsactions,  vol.  x,  p.  525. 

4.  **  Alternate  Current  Transformer,"  vol.  ii,  p.  462. 
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conditions  accord  with  facts.  It  has  often  happened  that  our 
conclusions  are  only  true  in  case  hysteresis  be  absent  and  the 
current  is  a  true  sine- wave.  But  this  need  not  be:  we  may 
make  quantitative  assumptions  as  to  the  hysteresis  present,  and 
may  assume  the  presence  of  such  harmonics  in  adoition  to  the 
fundamental  wave  as  occasion  demands;  predetermination  be- 
comes  possible,  and  our  work  becomes  definite  and  exact. 
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EXPERIMENTS  ON  TWO-PHASE  MOTORS. 


BY  DB.  LOUIS  DUNCAN,  8.  H.  BROWN,  W.  P.  ANDBR80N  AND  8.  Q.  HAYK8. 

Within  the  l&jt  few  years  rotary  field  motors  have  been  greatly 
improved,  and  the  conditions  for  snccessful  design  are  moderately 
well  understood.  The  problem  has  been  attacked  mathematically, 
and  results  have  been  obtained  which,  while  interesting,  have  not 
been  submitted  to  the  test  of  experiment.  The  mathematical 
treatment  is  difficult,  unless  many  essential  phenomena  are 
omitted ;  indeed  it  is  only  lately  that  the  solution  of  the  case  of  a 
motor  supplied  from  a  constant  potential  circuit  has  been  under- 
taken, and  as  this  is  the  condition  of  actual  practice  the  results 
even  with  their  evident  limitations  are  important  and  interesting. 
The  phenomena  that  occur  in  the  armatures  of  these  motors  are 
of  special  importance,  but  they  have  not  yet  been  submitted  to 
experimental  investigation. 

The  experiments  of  which  this  article  is  a  description  were 
intended  for  the  purpose  of  developing  a  method  of  obtaining 
the  current  and  electromotive  force  curves  of  multiphase  motors, 
and  of  applying  it  to  a  two-phase,  two  h.  p.  Tesla  motor  kindly  fur- 
nished by  the  Westinghouse  Electric  and  Manufacturing  Company. 
While  the  results  are  probably  correct  for  the  machine  tested, 
yet  as  the  motor  was  small  with  inward  projecting  pole-pieces, 
the  result  will  differ  considerably  from  those  that  would  have 
been  obtained  on  a  larger  machine,  or  one  without  projecting 
pole-pieces.  It  was  impossible  for  us  to  get  any  other  machine, 
and  the  development  of  a  method  is,  we  think,  of  as  great  im- 
portance as  the  results  themselves. 

In  a  rotary  field  motor,  if  the  resultant  field  is  not  exactly 
uniform,  but  presents  some  irregularities — then  if  the  difference 
between  the  speed  of  the  field  and  the  speed  of  the  armature  is 
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not  a  multiple  of  both,  the  armature  electromotive  force  will  not 
in  general  be  a  periodic  curve,  because  if  we  consider  an  armature 
coil  enclosing  a  maximum  number  of  lines  of  induction,  then 
when  it  again  includes  the  maximum  number,  the  field  will  be  in 
a  different  position  with  respect  to  the  poles,  and  its  maximum 
value  may  be  different.  Or  to  put  it  another  way,  if  the  differ- 
ence  of  the  speeds  of  the  field  and  armature  is  not  a  multiple  of 
both,  then  any  particular  armature  coil  wiD  not  have  the  same 
relative  position  with  respect  to  both  the  field  and  the  pole-pieces 
in  its  successive  positions  of  maximum  induction.  It  is  necessary 
then,  in  order  to  obtain  periodic  armature  currents,  that  some 
form  of  gearing  be  employed. 
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If  large  machines  are  to  be  tested,  where  it  would  be  incon- 
yenient  to  transmit  a  large  amount  of  ^  power  by  gearing,  the 
motor  may  be  loaded  until  the  desired  speed  of  test  is  approxi- 
mately attained,  when  a  very  light  gearing  between  the  dynamo 
and  motor  wiir  serve  to  keep  this  speed  constant,  the  gearing 
serving  simply  to  check  any  small  tendency  toward  a  change  of 
speed.  In  our  own  experiments,  the  power  to  be  transmitted 
was  small,  and  the  construction  of  the  motor  was  such,  that  we 
had  no  room  for  a  gearing  and  for  a  coupling  to  a  load.  We 
<3onsequently  geared  the  motor  to  the  dynamo,  the  motor  energy 
being  given  back  to  the  dynamo. 
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The  apparatus  experimented  on,  consisted  of  a  25  h.  p.  two- 
phase  dynamo — ^an  ordinary  constant  current  machine  supplied 
with  four  collecting  rings — and  one  two-phase,  8-pole,  2  h.  p. 
Tesla  motor.  The  electromotive  force  of  the  djnamo,  as 
may  be  seen  from  the  curves,  was  practically  a  sine-cnrve.  In 
our  work  the  motor  was  not  run  up  to  its  full  capacity,  as  we 
were  limited  by  the  amount  of  power  the  gearing  would  safely 
transmit.  We  can  not  better  describe  the  armature  winding  of 
the  motor,  than  by  quoting  part  of  a  letter  written  us  by  Mr. 
Charles  F.  Scott,  of  the  Westinghouse  company. 

"  The  one  you  have,  has,  however,  41  slots.  The  odd  slot  was 
placed  in  this  motor  so  that  the  relation  of  the  armature  teeth  to 
the  field  poles  was  different  in  different  parts  of  the  circumfer- 
ence, and  the  forty  (Aff)  incipient  dead  points  which  might  have 
occurred,  were  avoiaed  by  the  addition  of  the  extra  slot.  The 
winding  consists  of  four  (i)  layers ;  the  first  and  third  are  exactly 
similar  and  coincident  in  the  slots  occupied,  and  the  second  and 
fourth  are  similarly  related.  The  four  coils  in  each  layer  are 
connected  in  series  and  short-circuited." 

The  idea  was  to  make  the  mutual  induction  of  an  armature 
coil  with  respect  to  the  poles,  a  sine-curve.  Of  course  with  a 
limited  number  of  slots,  it  is  impossible  to  have  the  mutual  in- 
duction of  the  field  and  armature,  exactly  a  sine-curve.  But  it 
is  possible  to  very  nearly  accomplish  this,  especially  in  large 
armatures,  and.  the  importance  of  it  is  beginning  to  be  appre- 
ciated. Mr.  Scott,  of  the  Westinghouse  company,  was  one  of 
the  first  to  appreciate  the  importance  of  the  armature  winding 
and  the  proper  method  of  doing  it,  and  he  deserves  much  credit 
for  his  quiet  and  persistent  work  which  has  resulted  in  the 
production  of  excellent  motors  instead  of  voluminous  papers. 

It  is  of  course  true,  that  the  period  of  the  armature  is  the  sum 
of  the  periods  of  the  field  and  the  armature.  As  we  wished  to 
obtain  the  curve  of  the  armature  current  by  the  contact  method^ 
it  became  necessary  to  get  contacts  whose  period  was  the  sum  of 
the  field  and  armature  periods.  This  was  obtained  by  an 
arrangement  of  apparatus  shown  in  Figs.  1  and  2.  In  the  Fig  1,  s 
and  s^  are  the  two  sprocket  wheels  which  gear  the  two  machines- 
together  and  give  them  the  desired  relative  speeds,  s^  and  s" 
are  two  others  which  gear  the  graduated  disks  which  carry  the. 
brushes,  d  and  d^  are  the  two  instantaneous  contact  disks,  one 
mounted  on  each  shaft,  and  «,  J,  c,  a}  ¥  are  the  wiping  brushes. 
K  is  a  condenser  and  b  a  charging  battery ;  h  and  c  make  the  cir- 
cuit through  the  battery  and  condenser  once  every  revolution. 
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thus  keeping  the  condenser  charged.  When  a  and  a^  make 
simultaneonfl  contact,  the  battery  circuit  is  broken  and  the  con- 
denser is  discharged  through  the  movable  coils  of  the  dynamom- 
eter which  are  all  connected  in  series,  f  and  f^  are  the  motor 
field  coils.  R  and  r^  the  rings  of  the  motor  and  dynamo  respec- 
tively. B  is  a  double  pole,  double  throw  switch  to  which  are 
connected  the  terminals  whose  potential  difference  curves  are 
desired,  m  is  the  motor  armature,  and  a  is  a  switch  in  the  circuit 
of  the  current  instrument,  b^  is  a  battery  which  sends  a  steady 
current  through  the  large  coils  of  a  dynamometer.  This  dyna- 
mometer is  used  as  a  correcting  instrument,  and  the  resistance  in 
the  condenser  circuit  is  regulated  to  keep  its  deflection  constant.. 
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If  the  brushes  are  set  together  on  the  contacts,  and  then  the  two* 
machines  revolve  with  a  given  speed  ratio,  say,  four  to  three,  the 
brushes  will  again  be  simultaneously  on  the  contacts,  when  the 
machines  have  made,  respectively,  four  and  three  revolutions.. 
If  the  ratio  was  seven  to  six,  the  machines  would  make  seven 
and  six  revolutions  before  the  contacts  would  again  be  coincident. 
In  this  way  we  obtained  the  needed  instantaneous  current. 

After  obtaining  one  point  on  the  curve  in  this  way,  and  wish- 
ing to  obtain  another  point,  we  must  shift  our  brushes  through 
angular  distances  proportional  to  the  speed  ratio  of  the  two 
machines;  otherwise  they  would  not  make  simultaneous  con. 
tact  again.     Having  shifted  them  in  this  ratio?  (say,  if  the  ratio  is. 
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six  to  seven,  we  would  shift  10  degrees  on  the  dynamo  disks,  and 
^  of  10  degrees  on  the  motor  disk),  we  obtain  in  another  point, 
on  the  curve.  To  accomplish  this  easily,  we  gear  the  brushes 
together  in  the  same  ratio  as  the  armatures  are  geared,  as  is 
shown  in  Fig  1.  Our  gearing  both  for  the  brushes  and  arma- 
tures consisted  of  sprocket  wheels  and  chains  and  was  very 
satisfactory. 

As  the  machine  we  tested  was  small,  and  was  run  much  below 
its  rated  electromotive  force,  it  was  not,  of  course,  particularly 
efScient,  and  as  the  armature  efSciency  is  approximately  the- 
ratio  of  the  armature  speed  to  the  field  speed,  this  ratio  was  com- 
paratively small,  and  the  period  of  the  armature  current  was. 
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small,  thu8  enabling  us  to  use  for  measuring  it  a  form  of  dyna-. 
mometer  which  has  been  described  before,  and  which  was 
invented  by  one  of  us  for  obtaining  such  curves.  It  consists  of 
a  stationary  coil  carrying  the  current  whose  curve  is  to  be  ob- 
tained, and  a  movable  coil  through  which  passes  an  instantaneous 
direct  current  obtained  by  making  the  circuit  on  the  armature 
disks  before  described.  If  this  instantaneous  current  occurs 
when  the  alternating  current  is  zero,  we  will  get  no  deflection  of 
the  instrument.  If  it  occurs  when  the  alternating  current  is 
maximum,  we  will  get  a  maximum  deflection,  and  in  general,  the 
deflection  will  be  proportional  to  the  instantaneous  value  of  the 
alternating  current.     The  dynamometer  used  had  a  long  period, 
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and  was  well  damped,  and  we  had  no  difficulty  in  reading  even 
when  the  period  of  the  armature  current  was  as  much  as  one- 
quarter  second. 

If  very  efficient  machines  were  to  be  tested,  where  the  period 
of  the  armature  current  is  very  large  indeed,  then  some  electrom- 
eter method  or  a  telephone  method  would  be  used,  or  the 
deflection  of  a  galvanometer  needle  in  the  field  of  the  current 
could  be  easily  photographed. 

The  curves  we  have  obtained  are  as  follows :  The  electromo- 
tive force  applied  to  the  armature.  Effective  electromotive  force 
of  the  armature.  The  counter  electromotive  force  of  the  arma- 
ture.    The  armature  current.     The  value  of  field  electromotive 
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force  and  current  for  open  and  closed  armature  circuit.     These 
for  ratios  of  three  to  four  and  six  to  seven. 

We  also  obtained  the  various  currents  and  electromotive  forces 
when  the  armature  was  held  stationary,  with  and  without  resist- 
ance in  the  outside  circuit.  There  are  really  three  distinct  sets  of 
curves :  those  relating  to  the  three  to  four  gearing,  those  for  the 
six  to  seven  gearing,  and  those  in  which  the  armature  was  sta- 
tionary. The  angular  positions  do  not  correspond  for  the  first 
two  sets.  For  the  second  and  third  they  very  nearly  correspond. 
This  is  due  to  the  fact  that  we  did  not  at  first  clearly  appreciate 
the  importance  of  permanently  fixing  the  relative  positions  of 
the  armatures  of  the  two  machines.  Afterwards  we  made  marks 
on  each  armature,  and  if  for  any  reason  we  took  off  the  gearing, 
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we  replaced  it  so  these 
marks  came  opposite 
points  which  we  fixed 
on  the  frames  of  the  two 
machines.  It  should 
also  be  remarked  that 
the  curves  for  the  two 
sets  of  armature  coils 
marked  a  and  b  should 
Dot  in  general  present 
the  same  irregularities, 
as  their  relative  posi- 
tions with  respect  to 
the  poles  and  the  resul- 
tant field  are  different. 
The  dynamo  being  a 
four-pole  machine,  this 
must  be  taken  account 
of  in  calculating  the 
angles  on  the  base  line. 
In  Figs.  3  and  4  the 
contact  positions  should 
be  multiplied  by  two. 
The  length  of  an  ar- 
mature curve  in  terms 
of  the  positions  of  the 
•dynamo  brush  should 
be  360  X  i  =  720  in 
the  case  of  the  three 
to  four  gearings,  and 
360  X  J  =  1,260  for 
the  six  to  seven  gear- 
ing. 

We  have  not  the 
«ame  confidence  in  the 
results  of  the  three  to 
four  gearings  as  for  the 
six  to  seven  gearing; 
the  latter  being  taken 
for  several  sets  of  ob- 
servations which  check- 
ed very  well. 
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The  curves  of  the  applied  electromotive  force  (curves  v  aud  vi, 
Fig.  3,  and  n  and  vi,  Fig.  7)  are  obtained  in  the  following  manner : 
The  armature  was  held  stationary,  while  the  field  revolved  at  its 
normal  rate.  The  reading  of  our  electromotive  force  dynamom- 
eter then  gave  us  a  point  on  the  electromotive  force  curve. 
The  armature  was  then  moved  through  a  given  angle  while  the 
j)rush  on  the  dynamo  disk  was  moved  through  an  angle  corres- 
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ponding  to  the  ratio  of  gearing  of  the  two  machines.  In  this 
way  another  point  was  obtained  on  the  curve.  What  we  obtained 
was  the  electromotive  force  applied  to  the  armature  when  there 
was  no  current  flowing  through  it,  and  when  the  gearing  was 
three  to  four  or  six  to  seven,  according  to  the  relative  movement 
we  gave  the  motor  armature  and  the  dynamo  brusK  It  should 
be  remarked  that  all  of  the  armature  curves  marked  electromotive 
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force  curves  are  obtained  when  the  armature  circuit  is  open,  and 
therefore  do  not  correspond  to  the  actual  condition  of  affairs 
when  the  armature  is  closed,  as  they  do  not  contain  the  effects  of 
armature  reaction  and  self-induction. 

The  effective  electromotive  force  of  the  armature  given  ia 
cuirves  iii  and  rv,  Fig.  3,  and  in  and  rv.  Fig.  7,  were  simply 
measured  by  opening  the  armature  circuit,  and  getting  the  poten- 
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tial  difference  on  the  motor  terminals  when  the  motor  was  geared 
to  the  dynamo  with  ratios  six  to  seven  and  three  to  four.  The 
difference  between  these  curves  and  the  curves  of  impressed 
electromotive  force,  is  the  counter  electromotive  force,  and  is 
given  by  curves  i  and  ii,  Fig.  3,  and  i  and  iv,  Fig.  7.  We 
could  have  obtained  the  counter  electromotive  force  by  supplying 
the  fields  with  continuous  currents  whose  ratio  to  one  another 
would  be  that  of  the  two-phase  currents  and  varying  the  relative 
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Talues  of  these  currents  as  we  vary  the  point  of  contact  of  our 
instantaneous  current.  This  would  have  been  a  laborious  task 
^nd  was  not  necessary.  It  was  not  possible  to  obtain  these  quan- 
tities by  direct  observation  when  the  armature  circuit  was  closed, 
and  when  the  machine  was  running  under  normal  conditions. 

In  Fig.  4  is  given  the  armature  current  of  the  motor  with  a 
gearing  of  six  to  seven,  and  in  Fig.  8,  is  given  the  current  when 
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the  gearing  is  three  to  four.  If  we  compare  these  curves  we  will 
see  tiiat  the  current  is  more  irregular  with  the  higher  eflSciency 
than  with  the  lower.  Again  comparing  the  curves  of  effective 
electromotive  force  for  the  two  gearings,  we  see  again  that  the 
irregularity  is  greater  with  the  higher  efficiency.  If  we  consider 
that  the  current  would  follow  this  curve  of  effective  electromo- 
tive force,  but  for  the  armature  reactions  and  self-induction,  we 
<5an  see  that  these  effects  have  their  good  as  well  as  evil  side. 
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The  effective  eleQtromotive  force  is  of  course  the  differeuce  be- 
tween the  applied  and  the  counter  electromotive  forces,  and  if 
these  are  irregular,  their  difference  becomes  the  more  irregular  as 
they  are  the  more  equal  in  value,  that  is,  as  the  eflSciency  of  the^ 
motor  is  higher ;  so  that  while  in  this  machine  whose  maximum 
armature  efficiency  was  made  about  87  per  cent.,  the  irregularity 
is  considerable,  it  would  be  very  much  exaggerated  in  a  larger 
motor  whose  armature  efficiency  might  be  97  per  cent,  or  98  per 
cent.;  and  in  this  case,  great  care  should  be  taken  to  produce  a 
perfect  regular  field.  The  effect  of  the  armature  reaction  and 
self-induction  is  to  decrease  these  irregularities. 

If  we  consider  for  a  moment  the  theory  of  the  two-phase 
motor,  we  will  remember  that  the  armature  efficiency  is  theoret- 
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Fig.  12. 

ically  (leaving  out  lines  in  the  field  iron)  ^  where  p  and  p^  are 

respectively  the  angular  velocities  of  the  field  and  the  motor 
armature.  We  will  also  remember  that  the  lag  of  the  armature 
current  behind  the  effective  electromotive  force  is  taken  as 

tan  d  =  (P-P')^. 


If  we  look  at  the  curves,  however,  obtained  with  the  motor 
experimented  on,  we  will  see  that  the  armature  current  is  irregu- 
lar, and  therefore  the  actual  heating  would  be  greater  than  that 
calculated  from  sine  curves ;  that  is,  the  armature  efficiency  is 
always  less,  and  the  drop  in  speed  is  always  greater  than  the 
theoretical  value,  and  may  be  very  much  less  if  the  armature 
current  is  irregular.     As  has  been  pointed  out,  this  fluctuation  in 
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the  armature  current  would  be  exceedingly  great  if  the  self- 
induction  and  armature  reaction  of  the  motor  did  not  tend  to 
wipe  it  out.  The  eflfect  of  the  self-induction  being  to  damp  the 
most,  the  waves  of  shorter  period,  that  is,  the  irregularities. 

It  seems  to  us  that  the  most  important  curves  we  have  obtained 
are  those  of  applied  and  counter  electromotive  forces,  effective 
electromotive  force,  and  the  armature  current.  They  show  at 
once  the  great  importance  of  designing  a  machine  whose  applied 
and  counter  electromotive  forces  are  both  sine  curves,  and  the 
method  may  be  easily  used  to  experiment  on  actual  machines,  and 
to  find  out  if  this  condition  is  fulfilled.  Again  the  comparison 
of  the  effective  electromotive  force  with  no  armature  current^ 
with  the  fall  of  potential  due  to  the  armature  current,  shows  ua 
that  there  is  some  beneficial  effect  from  self-induction  in  the 
armature.  The  principal  results  show  that  the  special  machine 
does  not  give  us  regular  currents  and  electromotive  forces,  but  it 
is  to  a  large  extent  due  to  the  fact  that  in  these  small  machines^ 
considerations  of  economy  make  it  necessary  to  wind  the  field 
coils  on  spools  instead  of  winding  them  througli  slots  cut  in  the 
field  iron. 

In  designing  a  motor  to  give  absolutely  regular  electromotive 
force  curves  we  must  take  two  things  into  account :  The  field 
due  to  the  dynamo  current  must  be  regular,  and  the  armature 
winding  must  be  such  that  it  will  give  a  regular  electromotive 
force  in  a  regular  field.  To  satisfy  this  condition  in  the  field 
windings,  projecting  pole-pieces  should  certainly  be  avoided. 
To  satisfy  the  condition  in  the  armature,  would  require  an  infi- 
nite number  of  armature  windings,  but  it  can  be  practically  satis- 
fied in  the  larger  machines  with  areasonable  number  of  windings- 
It  must  not  be  understood  that  it  is  specially  easy  to  accomplish 
this.  .  Figs.  5  and  6  give  us  the  input  of  the  motor  at  full  load 
and  with  an  open  armature  with  a  six  to  seven  gearing.  Figs.. 
9, 10  and  11  show  the  field  and  armature  electromotive  forces 
and  currents  when  tlie  armature  is  stationary,  and  in  one  case 
short-circuited,  and  in  the  other  case  has  outside  resistance  in  its 
circuits.  Fig.  12  gives  in  arbitrary  units  the  induction  througli 
a  coil  wound  around  one  of  the  pole-pieces,  under  the  conditions 
stated. 

We  do  not  wish  to  add  to  an  already  lengthy  paper,  a  pro- 
longed discussion  of  the  curves  we  have  given,  especially  as  we 
hope  to  be  able  to  experiment  on  a  larger  machine,  the  results 
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from  which  will  be  of  much  greater  importance ;  but  we  think 
that  the  curves  we  have  given  show  that  the  design  of  rotary 
field  motors  requires  careful  experimental  study  and  we  believe 
that  such  a  study  may  be  easily  made,  even  for  machines  of  large 
Kjapacity. 

Discussion. 

Mk.  Steinmetz  : — Some  time  ago  my  attention  was  also  drawn 
to  these  irregularities,  especially  when  working  with  a  single 
phase  induction  motor,  where  these  irregularities  were  compara- 
tively large.  Having  no  means  at  my  disposition  to  make  instan- 
taneous readings,  I  arrived  at  the  solution  of  the  problem  in  a 
somewhat  different  way,  by  theoretical  reasoning,  and  I  think  my 
results  agreed  with  those  in  the  present  paper.  I  found  that 
these  higher  harmonics  superimposed  upon  the  main  wave  of  the 
armature  current  are  in  reality  not  higher  harmonics  in  the  com- 
mon sense  of  the  word,  but  are  due  to  the  fact  that  the  arma- 
ture cuiTcnt  is  a  complex  current  produced  by  the  superposition 
of  two  currents  of  different  frequencies. 

If  in  an  induction  motor  of  frequency  iV^,  the  relative  slip  of 
armature  is  denoted  by  K^  that  is,  the  difference  of  speed  be- 
tween armature  and  synchronism  N\&K  iVi,  then  in  the  armature 
will  be  induced  two  e.  m.  f.'s,  one  of  the  frequency  of  K  N^  the 
other  of  the  frequency  (2 — E)  iT.  The  relative  values  of  these 
E.  M.  F.'s  will  depend  upon  the  construction  of  the  motor,  and  in 
general  the  second  e.  m,  f.,  that  of  higher  frequency,  will  be  small 
compared  with  the  e.  m.  f.  of  lower  frequency.  These  e.  m.  f.'s 
proauce  currents  of  the  same  frequency  in  the  short-circuited 
Armature ;  with  the  difference,  however,  that  the  current  pro- 
duced by  the  e.  m.  f.  of  the  higher  frequency  will  be  very  much 
smaller,  due  to  the  higher  self-induction  produced  by  the  higher 
frequency.  Thus  while  the  e.  m.  f.  wave  of  the  armature  may 
show  the  effect  of  the  superposed  higher  frequency  very  mark- 
edly, the  current  wave  will  snow  it  in  a  greatly  reduced  manner. 
This  is  very  nicely  borne  out  by  the  curves  shown  in  the  paper. 

I  may  add  that  the  relative  proportion  of  the  two  waves 
depends  upon  the  ratio  oi  K  to  2 — K^  and  thus  consequently 
with  the  reduction  of  K^  that  is,  with  the  closer  approach  of  the 
motor  to  synchronism,  these  higher  harmonics  will  more  and 
more  disappear. 

The  conditions  under  which  tests  were  made,  do  not  quite  rep- 
resent actual  working  conditions  of  the  induction  motor,  since  m 
actual  work,  the  slip,  that  is,  the  value  of  K^  is  usually  consider* 
ably  less  than  in  these  tests,  so  that  the  higher  harmonics  of  cur- 
rent will  be  less  in  practical  operation. 

Mb.  C.  F.  Soott: — I  have  been  very  much  interested  in  Dr. 
Duncan's  method,  especially  as  I  had  the  opportunity  of  seeing 
the  apparatus  and  his  collection  of  dynamometers  for  making  all 
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the  meaenrements  siraultaneouBlv.  The  small  variation  in  the 
curves  are  in  tlie  form  of  higher  harmonics  which  result  from  the 
construction  of  the  motor  itself.  We  are  apt  in  these  theoretical 
discussions  to  leave  out  the  bearing  of  the  exact  form  and  con- 
struction of  the  apparatus.  The  assumption,  for  instance,  which 
has  been  made  that  the  wave  form  given  by  a  smooth  core 
armature  is  necessarily  a  sine-wave  is  not  a  correct  deduction, 
because  the  wave  is  of  course  due  to  the  distribution  of  the  mag- 
netic field  and  also  the  distribution  of  the  winding,  and  it  so 
happens  that  as  machines  are  usually  built,  smooth  core  machines 
do  give  sine-waves  very  approximately.  The  statement  has  been 
made  by  Prof.  Anthony  that  either  the  two-phase  or  the  three- 
phase  combination  should  ^ive  uniformly  revolving  fields,  that  is, 
fields  in  which  the  polar  line  revolves  uniformly  and  retains  a 
constant  value.  That  again  assumes  a  certain  form  of  construc- 
tion. If  we  were  to  use  a  machine  of  four  distinct  poles,  as  a 
-two-phase  machine — 

Prof.  Anthony  : — I  was  assuming  that  the  wave  was  a  true 
fline-wave. 

Mb.  Scorr : — Very  good.  Let  us  take  true  sine-waves  and  put 
the  two  currents  around  the  poles  of  the  four-pole  motor.  Then 
it  is  probable  that  in  the  center  of  the  space,  the  position  which 
would  be  occupied  by  the  shaft  of  the  machine,  we  would  get  a 
uniformly  revolving  field,  because  there  would  be  two  fields  at 
right  angles,  varying  according  to  thesine  law.  But  if  we  con- 
sider a  position  at  or  near  the  ends  of  the  poles,  then  we  may 
have  a  coil  which  in  moving  will  embrace  the  lines  which  come 
from  one  circuit  at  one  time,  from  both  circuits  together  at 
nnother  time,  and  from  the  second  circuit  alone  at  another  time. 
Therefore  we  do  not  have  the  combination  of  the  fields  for  both 
•circuits  at  all  times.  For  instance  when  one  circuit  is  at  its 
maximum  strength,  we  may  embrace  all  its  lines  in  the  coil  and 
not  begin  to  embrace  any  lines  of  the  other  circuit  until  a  cer- 
tain time  has  elapsed,  possibly  corresponding  to  15  or  20  degrees^ 
•so  that  there  will  be  a  change  in  the  induction  through  the  coil, 
because  one  circuit  has  begun  to  decrease  in  its  value  before  the 
other  has  begun  to  thread  any  of  its  lines  through  the  coil.  8o 
that  even  with  true  sine-waves  we  may  not  in  actual  machines, 
unless  special  attention  is  given  to  construction,  produce  the 
^fiEects  of  a  uniform  revolving  field. 

With  regard  to  the  influence  of  harmonics  in  the  rotating  field, 
I  will  have  to  differ  from  the  statenaent  which  was  made  that  the 
field  would  be  found  to  be  uniform  in  its  intensity  although 
harmonica  were  present.  Several  years  ago  I  was  engaged  in  the 
testing  of  some  motors,  the  first  motors  of  the  Tesla  type,  by  the 
way,  which  were  used  for  commercial  work.  I  had  gone  over 
the  designs  and  had  tested  some  preliminary  experimental  motors 
And  thought  1  had  everything  covei-ed  with  regard  to  the  con- 
struction of  the  motors.     A  number  had  been  made  and  in  the 
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test  of  the  first  one  the  motor  had  been  carrying  its  load  for  aD 
hour  or  more  when  I  fonnd  an  nndaly  high  temperature.  I 
found  the  speed  had  fallen  from  synchronism  fully  fiity  per  cent, 
more  than  it  should  have  fallen,  and  the  motor  instead  of  coming- 
up  to  a  definite  temperature  kept  going  up  on  what  was  a  rather 
straight  line.  I  haa  a  second  >^enerator  started,  and  transferred 
the  motor  from  the  generator  that  had  been  running,  to  the  new 
one.  The  speed  immediately  came  to  what  it  should  be,  and  the 
temperature  began  to  fall,  although  the  load  was  the  same.  The 
heating  of  the  motor  with  one  generator  was  equivalent  to  what 
would  have  been  obtained  by  carrying  half  or  two-thirds  addi- 
tional load  with  the  second  generator.  The  second  generator, 
the  good  one,  gave  a  curve  which  was  approximately  a  sme-curve. 
The  other  generator  gnve  a  wave  form  which  was  measured  and 
found  to  be  very  much  depressed  at  the  middle,  where  the  sine- 
curve  is  maximum,  showing  that  the  third  harmonic  was  very 
strongly  present. 

An  analysis  of  the  effect  of  the  third  harmonic  in  the  rotating- 
field  shows  some  rather  interesting  relations.  The  third  harmonic 
evidently  tends  to  a  synchronous  speed  which  is  three  times  as- 
great  as  the  fundamental,  so  that  if  we  have  present  a  third  har- 
monic, we  are  tending  of  course  to  two  speeds  of  rotation,  the- 
speed  of  the  fundamental  and  one  three  times  as  fast.  Thia 
third  harmonic,  however,  is  negative  in  its  tendency  to  rotation. 
That  is,  the  fundamental  produces  rotation  in  one  direction,  and 
the  third  harmonic  not  only  tends  to  produce  a  different  speedy 
but  it  is  in  the  opposite  direction.  This  can  be  very  simply 
shown  by  drawing  a  sine-wave  and  its  third  harmonic,  and  also  & 
second  wave  which  is  a  quarter-phase  from  the  first,  together  with 
its  harmonic.  You  will  notice  that  if  the  first  fundamental  comea^ 
before  the  second  one,  that  the  third  harmonic  of  the  first  cornea 
after  that  of  the  second  one.  Consequently  the  fundamentals- 
tend  to  rotation  one  way,  and  the  third  narmonics  in  the  opposite 
direction.  By  different  relative  values  of  the  two  we  may  get 
almost  anything.  We  may  get  normal  rotation  or  no  rotation  at 
all,  or  rotation  at  normal  speed  in  the  opposite  direction,  or  twice- 
normal  speed  or  three  times  normal  speed. 

With  regard  to  the  higher  harmonics  in  ordinary  commercial 
working,  it  is  to  be  remembered  that  those  which  are  produced  hj 
iron  cores  are  produced  in  what  may  be  called  the  leakage  current 
which  fiows  around  these  coresa,  commonly  transformer  cores,  for 
the  purpose  of  magnetizing  that  part  of  the  apparatus  ;  and  that 
these  higher  harmonics  will  usually  be  but  a  small  per  cent,  of 
that  so-called  leakage  or  magnetizing  current.  Again  magnetiz- 
ing current  in  commercial  apparatus  is  in  g^eneral  but  a- 
small  per  cent,  of  the  current  at  full  load,  usually  only  a  very 
few  per  cent.,  so  that  the  higher  harmonics  are  only  a  minor 
effect  in  the  magnetizing  current,  and  this  is  to  be  but  a  few  per 
cent,  of  the  full  load  current  for  which  the  apparatus  is  in  general 
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designed.  Therefore  we  need  not  be  greatly  afraid  of  the  influ- 
ence of  those  harmonics  in  prodncin^  trouble  in  commercial 
circuits.  There  are  conditions  and  times  when  they  must  be 
carefully  guarded  against  and  profoundly  respected. 

A  beautiful  and  simple  method  of  showing  higher  harmonics 
was  called  to  my  attention  not  long  ago  by  a  young  man  in  our 
laboratory,  and  is  well  worth  considering.  A  thin  iron  plate  (one 
about  six  inches  wide  and  18  or  20  inches  long  gave  the  best 
result)  is  placed  in  an  alternating  field  set  up  by  current  passing 
through  a  coil.  The  familiar  tone  of  the  dynamo  itself  is  heard. 
If  the  plate  be  bent  slightly,  the  sound  changes.  At  first  it  is  a 
sort  of  a  general  hum,  but  by  bending,  the  di&rent  harmonics  are 
brought  out  and  may  predominate.  The  octave,  and  the  third, 
and  so  on,  running  up  the  scales  give  their  difiereht  musical 
tones  very  clearly  and  very  purely,  and  by  quickly  changing  the 
plate  yon  can  run  through  the  scale  with  almost  the  beauty  and 
clearness  of  a  musical  instrument.  It  might  be  possible  to  take 
all  these  sounds  which  are  produced  by  the  alternating  current, 
by  using  some  good  resonator  for  giving  all  the  tones  together, 
and  then  pick  them  out  and  thus  analyze  the  different  harmonica 
by  means  of  acoustic  apparatus. 

Mr.  Steinmetz  : — ^It  is  indeed  true  that  in  induction  motore  we 
can  get  higher  harmonics,  but  I  think  the  foremost  improvement 
in  the  modern  induction  motor,  the  improvement  which  has 
made  this  motor  the  engineering  success  wnich  it  now  is,  was  the 
elimination  of  these  higher  harmonics.  If  you  take  one  of  the 
old  type  of  induction  motors  with  four  poles,  two  excited  by  the 
current  of  one  phase,  and  two  by  the  current  of  the  other  phase, 
then,  when  the  one  current  is  maximum,  the  other  current 
is  zero,  and  its  corresponding  poles  are  practically  dead.  Thus 
the  total  flux  crosses  through  the  air-gap  of  one  pole.  In 
the  moment,  however,  when  both  currents  are  equal,  the  cross- 
section  of  the  magnetic  flux  consists  of  two  air-gaps.  Since  the 
magnetic  reluctance  essentially  consists  only  of  air  reluctance, 
you  see  that  in  such  a  motor  it  will  vary  by  nearly  50  per  cent, 
and  the  result  is  that  no  matter  whether  you  use  a  sine-wave  of 
impressed  e.  m.  f.  or  not,  you  must  get  higher  harmonics.  This, 
however,  no  longer  applies  to  the  present  induction  motor. 

Kow  with  regard  to  the  effect  of  higher  harmonics  in  an  in- 
duction motor,  I  cannot  agree  with  the  generality  of  the  state- 
ment made  by  Mr.  Scott.  It  is  indeed  true  that  m  the  quarter- 
phase  induction  motor  whatever  action  is  produced  by  the  triple 
harmonic,  will  be  of  the  nature  of  a  backward  torque  of  triple 
frequency,  tending  to  turn  the  motor  in  the  opposite  direction, 
and  thereby  retarding  its  motion  and  reducing  its  efficiency. 

This,  however,  does  not  apply  to  the  three-phase  induction 
motor. 

Let,  in  Fig.  13,  be  shown  the  three  waves  of  a  three-phase 
circuit,  as  1,  2,  3.     Then  the  triple  harmonic  of  1  as  shown  by  a 
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in  Fig.  13  coincides  with  the  triple  harmonic  of  2  and  3,  that  means 
no  matter  whether  triple  harmonics  are  present  or  not,  they  can 
in  a  three-phase  motor,  never  give  a  backward  torque,  but  bal- 
ance each  other  while  the  motor  is  at  rest.  If  the  motor  is  re- 
volving, these  triple  harmonics  must  give  the  same  action  as  the 
current  in  a  single  phase  motor,  that  is,  combine  to  a  torque  in 
the  direction  of  rotation. 

Thus  to  conclude,  the  triple  harmonics  will  tend  to  turn  a 
quarter  phase  motor  backward,  while  in  the  three-phase  motor, 
tney  will  not  have  any  effect  at  all,  or  will  assist  the  fundamental 
wave,  which  induced  me  to  prefer  the  three-phase  system  to  the 
quarter-phase  system,  although  I  do  not  think  that  the  effect  of 
tne  triple  harmonic  is  sufficiently  serious  in  a  properly  desired 
motor  to  cause,  even  in  quarter  phase  motors  supplied  from  iron- 
clad generator,  any  serious  reduction  of  output  or  efficiency. 


Fio.  18. 

Dr.  Pdpin  : — In  reply  to  Mr.  Scott's  remark  I  wish  to  state 
that  in  a  rotary  magnetic  field  the  intensity  practically  remains 
constant  under  conditions  specified  in  my  paper.  These  condi- 
tions correspond  to  practical  conditions,  when  there  is  no  poly- 
phase motor  on  the  circuit.  It  would  never  do  to  exterpolate  and 
^uess  what  would  happen  under  some  other  conditions.  I  stated 
in  the  conclusion  of  my  paper  that  rotary  magnetic  fields  pro- 
duced by  reasonably  well  constructed  machines  are  not  accom- 
panied by  fluctuations  in  their  intensity.  What  I  mean  by  a 
reasonably  well  constructed  machine  is  simply  a  machine  which 
produces  an  electromotive  force  that  may  be  a  complex  har^ 
monic;  but  the  upper  harmonics  are  weak  in  comparison  with 
the  fundamental.  In  the  particular  machine  tlmt  my  students 
experimented  with,  there  were  upper  harmonics,  there  were  the 
third,  the  fifth,  the  seventh  and  even  the  ninth,  but  the  rotary 
magnetic  field  was  nevertheless  of  constant  intensity.  As  soon 
as  we  depart  from  conditions  met  with  in  practice,  we  can, 
if  we  wish,  introduce  all  sorts  of  complications  as  in  the  caae  de- 
scribed by  Mr.  Scott,  where  the  generator  had  a  very  strong  third 
harmonic.  I  do  not  think  that  Mr.  Scott  can  produce  that 
phenomenon  by  any  reasonably  well  constructed  machine  which 
the  Westinghouse  company  is  putting  on  the  market. 
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The  Pkesidbnt: — If  there  is  no  further  discnssion  on  this 
paper,  the  Secretary  wishes  me  to  make  a  statement. 

It  is  probably  apparent  to  yon  that  this  meeting  has  had  the 
largest  attendance  and  the  most  con tinnons  interest  in  the  varions 
sessions  of  any  general  meeting  we  have  ever  had.  It  gratifies 
me,  both  as  yonr  President  and  as  a  resident  of  Philadelphia,  that 
this  is  true. 

The  report  of  the  Committee  appointed  to  prepare  a  series  of 
resolutions  expressing  the  thanks  of  the  iNSirruTB  for  courtesies 
received  is  now  in  order.  Is  Mr.  Binney  prepared  to  report 
these  resolutions  ? 

Mr.  Binney,  Chairman  of  the  Committee,  reported  the  follow- 
ing resolutions : — 

Wh&reas,  upon  the  occasion  of  the  Tenth  Anniversary  of  the  Ahbbican  Insti- 
tute OP  Electrical  Engineers,  and  during  the  period  of  the  convention  held 
at  Philadelphia,  May  15th  to  May  18th,  1894,  the  Institute  and  its  members 
severally  have  received  in  all  manner  of  ways  the  most  gratifying  hospitality 
and  overwhelming  courtesies  ;  and 

Whereas,  it  is  the  sense  of  this  meeting  that  the  Institute  is  deeply  apprecia- 
tive and  grateful  therefor  ;  now,  therefore,  be  it 

Beeoh)ed^  that  a  Committee  of  three  be  appointed  to  prepare  and  present  to 
those  from  whom  such  remarkable  kindnesses  have  come,  letters  of  thanks  in. 
the  name  of  the  Institute,  and  accompanied  by  a  copy  of  this  resolution  ;  and 
be  it  further 

Sesolvedj  that  it  is  greatly  regretted  that  the  business  of  this  convention,  and 
the  necessary  limitation  of  time  have  in  some  instances  prevented  the  Institute. 
from  accepting  offered  favors. 

[The  resolutions  were  adopted,] 

It  was  then  voted  that  a  proposed  paper  on  "  Reactance,"  by 
Mr.  Charles  P.  Steinmetz  and  Dr.  Frederick  Bedell,  be  accepted, 
as  read  by  title  at  this  meeting,  subject  to  the  approval  of  the 
Committee  on  Papers,  Meetings  and  Editing. 

The  general  meeting  then  adjourned. 


Smooth  and  Toothed  Coke  Armatures. 
[Reply  to  Discussion,  by  A.  D.  Adams,  see  page  465  et  eeq.] 

The  statement  that  "  In  order  to  allow  for  the  waste  armature- 
field  due  to  this  core-leakage,  the  exciting  power  has  to  be  in- 
creased in  about  the  same  degree  as  the  lessening  of  the  mag- 
netic resistance  of  the  air-gap  would  otherwise  decrease  it "  seems 
to  be  entirely  at  variance  with  the  known  facts. 

There  is  some  leakage  from  tooth  to  tooth,  the  amount  vary- 
ing with  the  type,  but  a  toothed  armature  can  readily  be  so  de- 
signed that  with  given  number  of  armature  inductors  and  given 
field  magnet,  the  ampere-turns  required  on  field  magnet  forgiven 
speed,  are  much  less  than  when  a  smooth  core  armature  is  used ; 
in  fact  the  question  usually  is,  how  far  the  ampere-turns  on  field 
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may  be  reduced,  and  excessive  sparking  avoided.  It  is  no  doubt 
possible  to  build  generators  with  either  toothed  or  smooth  core 
armatures,  that  will  not  spark  under  extreme  changes  of  load 
with  the  brushes  in  one  position,  but  it  is  not  hard  to  find  many 
of  both  types  in  operation  which  do  not  meet  this  condition.  The 
^45-inch  air-gap  from  iron  to  iron,  cited  as  an  example  of  what 
may  be  done  in  a  smooth  core  armature  machine  of  about  30  k.w. 
would  not  oi  course  remain  the  same  in  similar  machines  of 
several  hundred  k.  w.  capacity.  As  the  total  energy  used  in 
field  winding  of  even  smooth  core  armature  machines  of  100  k. 
w.  or  more  capacity  is  usually  not  more  than  1^  per  cent,  it 
is  hardly  possible  that  a  "  very  much  higher  efficiencv  "  can  be 
obtained  by  the  use  of  toothed  armatures  in  such  macnines. 

The  main  question  for  which  answer  was  sought  in  my  paper 
is  whether  the  same  results  can  be  obtained  in  bipolar  machines, 
more  cheaplv  with  toothed  or  smooth  core  armatures.  To  those 
engaged  in  the  manufacture  of  these  machines  as  a  money  mak- 
ing enterprise,  the  answer  to  this  Question  is  much  more  than  a 
mere  matter  of  taste.  The  toothed  armature  for  the  same  capac- 
ity must  cost  more,  for  while  about  the  same  amount  of  copper, 
and  only  a  little  more  iron  are  required,  the  additional  labor  to 
form  the  teeth,  and  cost  of  tools  for  same,  is  a  considerable  item. 
Unless  the  toothed  amature  can  effect  some  saving  in  other  parts 
of  these  machines  to  offset  its  own  greater  cost,  the  smooth  core 
will  have  the  preference. 

In  machines  under  10  k.  w.,at  about  1500  revolutions  per  min- 
ute, the  air  space  required  by  winding  and  clearance  is  usually 
greater  than  that  necessary  for  sparkless  operation,  and  the  sav- 
ing in  metal  of  field  core  and  winding  will  probably  more  than 
offset  the  greater  cost  of  toothed  armatures  in  these  machines.  In 
bipolar  dynamos  of  20  k.  w.  or  more  capacity,  at  1200  to  1500 
revolutions  per  minute,  the  air  space  required  for  winding  and 
clearance  is  usually  less  than  that  necessarv  for  sparkless  opera- 
tion. Good  builders  in  this  country  and  ifurope  are  in  the  main 
using  smooth  core  armatures  in  medium  and  large  bipolar  dyna- 
mos and  we  can  hardly  expect  to  see  this  practice  reversed  unless 
some  means  not  now  in  use  is  provided  to  produce  sparkless  com- 
mutation. 
Tro7,  N.  Y„  Oct  3d,  1894. 
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Memobial  to  the  United  States  Congeess. 
Prepa/red  and  SubmUted  by  the  Committee  an  Units  and  Standards. 

STATEMENT. 

The  American  Institute  of  Electrical  Engineers  is  a  national  organization 
to  promote  the  arts  and  sciences  connected  with  the  production  and  utilization 
•of  electricity. 

It  has  enrolled  among  its  members  all  the  prominent  electrical  workers  in  the 
United  States  and  has  besides  many  well  known  electricians  of  other  countries 
■as  foreign  members. 

Its  Transactions  during  the  past  decade,  constitute  a  complete  history  of  eleo- 
trical  progress,  as  recorded  in  the  language  of  the  principal  promoters  of  electric 
science,  and  are  the  only  publications  of  the  kind  in  the  North  American  Con- 
-tinent. 

At  a  general  meeting  of  the  American  Institute  of  Electrical  Engineers,  in 
Philadelphia,  on  the  15th  of  May,  1894,  the  following  resolution  was  unani- 
mously adopted. 

Preamble  and  Resolutions. 

Whereas,  a  bill,  numbered  H.  R.  6,500,xhas  been  presented  to  the  Honorable 
House  of  Representatives,  providing  for  the  legalization  in  the  United  States  of 
America  by  the  United  States  Government,  of  certain  units  and  standards,  and, 

Whereas,  these  units  and  standards  are  certain  electrical  units  and  standards 
adopted  by  the  chamber  of  official  delegates  to  the  International  Electrical 
■Congress,  held  at  the  World's  Columbian  Exhibition,  at  Chicago,  25th  of 
August,  1898,  which  delegates  were  appointed  by  the  various  governments  of 
Europe  and  America,  from  among  their  most  eminent  electricians,  and 

Whereas,  the  principal  object  of  convening  the  said  International  Electrical 
Congress  and  said  chamber  of  official  delegates  was  to  arrive  at  an  international 
agreement  concerning  electrical  units  and  standards;  and, 

WTiereas,  the  United  States  Government  joined  the  other  nations  in  appoint- 
ing official  delegates  to  attend  said  Congress  for  the  purpose  of  discussing  said 
units  and  standards  and  for  their  recommendation  to  the  various  governments 
for  adoption  and  legalization ;  and. 

Whereas,  these  international  electrical  units,  as  adopted  at  the  said  Inter- 
national Electrical  Congress :  to  wit,  the  international  ohm,  the  international 
ampere,  the  international  volt,  the  international  coulomb,  the  international 
farad,  the  joule,  the  watt,  and  the  henry,  have  already  been  adopted  as  legal 
standards  by  several  of  the  European  Governments;  and, 

Whereas,  these  units  and  standards  have  received  the  hearty  approval  of  elec- 
tricians in  all  parts  of  the  world. 

Therefore,  be  it  resolved  by  the  American  Institute  of  Electrical  Engineers, 
in  general  session  assembled:  That  it  respectfully  petitions  the  Honorable 
Senate  and  House  of  Representatives  of  the  United  States  to  pass  and  enact  the 
«iid  bill  H.  R.  No.  6,500,  and  duly  to  declare  the  same  to  be  the  legal  units 
throughout  the  United  States  of  America  and  its  Territories. 


paper  presented  at  ike  EUvenik  G£nerAl  Mee^f, 
tng  of  the  American  Itutitute  of  Electrical 
Engineers,,  Philadelphia,,  May  i8th^  iScf4^  Presi- 
tient  Houston  in  the  Chair. 


REACTANCE. 

BY    0HARLE8    PBOTfiUf    8TBINMETZ    AND   FBEDEBICK  BEDELL. 

The  term  "reactance,^"  which  has  been  used  and  advocated  by 
the  writers  and  others,  and  which  has  been  oflScially  adopted  at 
onr  suggestion  by  the  American  Institute  of  Electrical  En- 
gineers at  its  Philadelphia  meeting,  is  one  which  assumes  partic- 
ular importance  now  that  the  term  ^^  inductance  "  is  defined  as 
synonymous  with  the  "coeflScient  of  self-induction,"  usually 
symbolized  by  the  letter  "Z."  Reactance  is  similar  in  many 
respects  to  resistance,  but  the  electromotive  force  used  in  over- 
coming reactance  consumes  no  power,  for  it  is  at  right  angles  to 
the  current. 

The  impressed  electromotive  force  in  an  alternating  current 
circuit  may  be  divided  into  two  components :  First,  the  power 
electromotive  force  in  the  direction  of  the  current,  and,  second^ 
the  reactive  electromotive  force  in  quadratui'e  with  the  current 
to  overcome  the  reactance.  The  reactive  electromotive  force  is 
the  product  of  the  current  and  the  reactance.  Tke  reactance  itf, 
(accordingly y  equal  to  the  component  of  the  vmpressed  eiect/romo- 
tvoe  force  at  right  cungles  to  the  current^  dwided  hy  the  current. 
Reactance  is  measured  in  ohms. 

The  reactive  electromotive  force  in  the  circuit  may  be  due  to 
self  or  mutual  induction,  to  capacity  or  to  some  outside  counter 
electromotive  force  produced  by  a  motor  or  other  device.  In 
general,  in  any  alternating  current  circuit, 

1.  This  term  was  first  suggested  by  M  Ilospitalier  (see  U  Industrie  Sledrigue, 
May  10, 1893,)  and  was  proposed  officially  (see  Bulletin^  June,  1898,)  by  the 
committee  appointed  by  tne  Society  Internationale  des  Electriciens  to  consider 
the  Congress  proposals  of  this  Institute.  (See  Transactions,  vol.,  x.,  p.  41«$.2 
We  take  pleasure  in  expressing  our  appreciation  of  the  praiseworthy  efforts  oi 
Prof.  Hospitaller  and  the  Soci^te  Internationale  in  their  adyocacy  of  this  and 
other  conventions  of  nomenclature. 
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Impressed  E.  M.  F.  =  \/  Power  b.   m.   f.*  +  Reactive  e.   mTT^; 

that  is,  the  impressed  electromotive  force  is  the  vector  sum  of 
the  electromotive  force  which  transmits  power  and  the  reactive 
electromotive  force. 

Eeactance  tends  to  cause  a  phase  difference  between  current 
and  electromotive  force.  If  0  represents  this  angle  of  phase,  w& 
have  the  relation, 


tan  ff  =  — 


reactance 
resistance  * 


When  0  is  negative,  the  current  lags  behind  the  electromotivef 
force ;  when  0  is  positive,  the  current  is  in  advance  of  the  elec- 
tromotive force.  The  expression  for  the  instantaneous  value^of 
the  current  may  be  written. 

i  =  /sin  {<o  t  +  0\ 
or 

^  ^  Impressed  E.1C.F.  ^j^    (  ,^  ^  _  ^rc  tan  £?!!£tance  ) 
Impedance  (  resistance]  ) 

A  few  illustrations  of  particular  cases  will  make  the  use  of  the* 
term  reactance  more  clear.  For  simplicity  in  these  illustrative 
examples,  we  will  consider  that  no  iron  is  embraced  by  the  cir- 
cuit. 

Circuits  Containing  Resistance  and  Inductam^e. — In  a  simple 
circuit  containing  resistance  and  non-ferric  inductance,  the  react- 
ance is  equal  to  Z  oi ;  that  is,  it  is  2  tt  times  the  product  of  the 
inductance  and  frequency.  The  impedance  being  the  vector  sum 
of  the  resistance  and  reactance,  is  in  this  case 


Impedance  =  ^ JB?  +  I^  ^» 
where  cu  =  2  tt  X  frequency.  In  this  case  all  the  power  is  used 
in  overcoming  resistance,  and  the  power  electromotive  force  is 
equal  to  the  ohmic  electromotive  force,  R  7.  The  reactive  elec- 
tromotive force  is  equal  to  the  inductive  electromotive  force- 
L  io  I\  hence 

Impressed  E.  M.  F.  =  \/  Power  e.  m.  f.^  +  Reactive  e.  m.  f.'  ; 
or, 

Impressed  e.  M.  f.   =\/ohmicE.  m.  f.*  +  Inductive  b.  m.  f.'. 

The  impressed  electromotive  force  in  this  case  is  the  vector  sum 
of  the  electromotive  forces  necessary  to  overcome  resistance  and 
inductance. 
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A  confiideration  of  Figs.  1  and  2  (in  which  positive  direction 
ifi  counter  clockwise)  will  show  that  the  reactance  and  reactive 
electromotive  force  are  positive  in  the  case  of  a  circuit  contain- 
infj^  inductance.  The  impressed  electromotive  force  which  is  the 
sum  of  the  two,  is,  therefore,  in  advance  of  the  current,  which 
is  in  the  same  direction  as  the  power  or  ohmic  electromotive  force. 
The  current  is  indicated  by  a  closed  arrow  in  the  figures.  The 
«ame,  however,  may  be  otherwise  expressed  if  we  take  the  im- 
pressed electromotive  force  as  our  direction  of  reference,  by  say- 
ing that  the  current  lags  behind  the  electromotive  force  by  the 
angle  6^  which  angle  is  negative,  therefore,  for  circuits  with  in- 
ductance according  to  the  relation 

reactance    X  ai 

resistance  Ji 


tan  ^  =  — 


Pro.  1. 


Fia.  2. 


The  value  of  the  current  at  any  instant  is  given  by  the  equation 

Circuits  Containing  Hesistan^  and  Capacity. — In  such  cir- 

euits  the  reactance  is  equal  to  —  -p^— ,  where   C  =  capacity,  and 

6  a> 

€tf  =  2  ;r  X  frequency,  that  is,  it  is  negative.  The  reactive  elec- 
tromotive force  is  also  negative,  being  equal  to  —  —- —    This 

negative  reactance  gives  a  positive  value  to  the  angle  9,  and  the 
current  is  accordingly  in  advance  of  the  electromotive  force. 
We  have  then 


tod 


Impedance  =   J  Jl^  4.      1^, 
tan  ff  =  —  ^f^^*^"^  =  +       ^ 


resistance 


CBw 
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similar  to  the  corresponding  equations  above.   The  instantaneous 
value  of  the  current  is  given  by  the  equation 


%   = 


J'^+vh 


sm 


These  relations  are  shown  in  Figs.  3  and  4«    They  assume  the 
absence  of  dielectric  hysteresis- 

Circuits  Containing  Reaistancey  Inductance  and  Capacity, — 
In  a  circuit  containing  inductance  and  capacity  the  reactive  elec- 
tromotive  force  is  the  sum  of  the  inductive  electromotive  force, 
and  the  condenser  electromotive  force ;  where  the  inductance  is 

non-ferric  and  dielectric  hysteresis]  absent,  this  is,  L  (o  l —  _ — . 

C  <o 

The  reactance  is  similarly  the  sum  of  two  terms,  La)  —  ; 

C  <o 


Pig.  4. 


thus,  the  reactance  is  positive  or  negative,  according  to  whether 
the  inductive  electromotive  force  is  greater  or  less  than  the  con- 
denser electromotive  force.  Whether  the  current  is  behind  or 
ahead  ^of^the  impressed  electromotive  force  depends  upon  the 
same  condition,  for 

reaotanoe    1  X  oi 


tan^  =  — 


resistance  C  R  w 

The  value^of  the  current  at  any  instant  is 
E 


t= 


/*+(^'°-^)' 


H-'+'^^ivhr^-^W 


The  diagrams  in  Figs.  5  and  6  illustrate  the  case  of  a  single 
circuit  containing  resistance,  inductance  and  capacity.  In  the 
case  here  represented,  the  condenser  electromotive  force  is  greater 
than  the  inductive  electromotive  force,  and  the  current  is,  there- 
fore, in  advance. 
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Circuits  Containing  Mutual  Induction. — To  further  ex- 
emplify the  1186  of  the  term  reactance,  let  ns  consider  a  circuit 
containing  a  transformer.  Besides  the  electromotive  forces 
already  discussed,  we  must  consider  the  back  electromotive  force 
due  to  the  influence  of  the  secondary  upon  the  primary  circuit. 
This  may  be  resolved  into  two  components,  one  in  the  same  di- 
rection as  the  current,  and  the  other  in  quadrature  with  it,  which 
will  form  part  of  the  power  electromotive  and  reactive  electro- 
motive forces,  respectively.  The  electromotive  force  introduced 
by  a  motor  is  treated  in  the  same  way. 

These  illustrations  will  sufSce  to  show  the  method  by  which 
any  electromotive  force  in  a  circuit  is  resolved  into  two  compo- 
nents, one  in  the  direction  of  the  current,  which,  therefore,  trans- 
mits power,  and  the  other  at  right  angles  to  the  current,  which 
represents  no  power,  but  simply  overcomes  the  reactance. 


^A-^^^^  r. 


Pig.  5. 


Fig.  6. 


It  is  to  be  borne  in  mind  that  the  terms  here  given  may  be 
used  in  all  alternating  current  circuits,  whether  the  current  is 
harmonic  or  not ;  for,  when  the  current  is  not  strictly  harmonic, 
wo  may  consider  it  equivalent  to  an  harmonic  current.  The 
equivalent  harmonic  current  and  equivalent  harmonic  electro- 
motive force  have  the  same  square  root  of  mean  square  values 
as  the  actual  current  electromotive  force,  and  have  such  relative 
phase  positions  that  the  same  power  is  transmitted. 


APPENDIX. 


The  Definition  of  Reaci'Ance. 

[Communicated  by  the  authors*  October  81,  1894  ] 

At  the  Philadelphia  meeting  of  the  American  iNSTrruTB  of 

Elkotrioal  Engineers,  May,  1894,  the  name  "  reactance  "  was 

officially  adopted  by  the  Institute  and  defined  in  accordance 
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with  a  paper  on  Beactance  communicated  hj  us  and  reprinted  in 
most  of  the  electrical  periodicals.  The  action  of  the  Institute 
was  unanimous  and  its  definition  has  met  with  general  approval. 
Objection  to  it,  however,  has  been  raised  in  an  article*  recently 
communicated  to  a  French  periodical.  Since  we  cannot  agree 
with  the  arguments  forwarded  in  this  article,  it  will  be  in  place 
for  us  to  state  our  views  thereon. 

The  definition  of  reactance  adopted  by  the  Amekican  Insti- 
tute OF  Electrical  Enoinrkrs  is : 

"  Reactance  is  the  component  of  electromotive  force  at  right 
angles  to  the  current,  divided  by  the  current " 

Sy  this  definition  the  term  reactance  is  the  quotient  of  the 
reactive  e.  m.  f.  divided  by  the  current,  where  the  reactive  e.  m.  f. 
includes  all  wattless  e.  m.  f.'s,  whether  due  to  inductance, 
capacity,  polarization  or  counter  e.  m.  f.  of  any  kind,  as  of  syn- 
chronous motors,  and  excludes  all  energy  components,  as  would 
be  introduced  by  motors,  transformers,  hysteresis,  etc. 

In  objecting  to  this  definition,  the  writer  referred  to  takes  a 
position  essentially  as  follows : 

(1.)  The  term  reactance  shall  include  the  effects  of  self-induc- 
tion and  capacity  only. 

(2.)  It  should  always  be  defined  by  the  equation 

r^    ^       : 

VIP  +  K^ 

Where :    T  =  current ; 

li  =  ohmic  resistance ; 

E  =  electromotive  force  ; 

K  =^  reactance. 
(3.)  For  harmonic  currents 

Where :  Z  =  self-inductance ; 
C  =  capacity ; 

w  =  -—.  =  pulsation. 

(4.)  The  term  "reactance"  has  a  right  to  exist  only  because  it 
is  a  constant  of  the  circuit.  Defined,  nowever,  as  the  quadrature 
component  of  e.  m.  f.  divided  by  the  current,  it  is  the  complex 
resultant  of  difiPerent  reactions  and  not  a  constant  of  the  circuit. 
All  terms  in  "  ance  "  should  denote  constants  of  the  circuit,  and 
whenever  used  in  a  generalized  meaning,  an  additional  term 
should  be  added,  as  "  apparent  reactance." 

We  may  state  that  when  investigating  the  question  of  properly 
defining  the  term  "  reactance,'*  we  have  fully  considered  the 

1.  "  A  propos  de  la  Reactance,"  by  Professor  Andre  Blondel.  L'Jndtutrie 
E^ectrique,  Sept.  25,  1894. 
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position  taken  by  this  writer.  We  have,  however,  come  to  the 
conclusion  that  his  definition  is  not  tenable,  bnt  is  contradictory, 
for  the  following  reasons : 

(1.)  Neither  in  the  one  nor  in  the  other  definition  is  "  react- 
ance '  a  constant  of  the  circuit,  except  in  circuits  containing  no 
iron.  In  reality,  circuits  nearly  alwavs  contain  iron,  and  in  such 
circuits  the  reactance  can  be  considered  as  approximately  con- 
stant only  in  a  very  limited  range.  When  extended  over  a 
greater  range  of  k.  m.  f.  or  of  current,  the  self-inductance,  and 
thus  the  reactance,  varies.  The  same  applies  to  most  of  the  other 
quantities  ending  in  ''  ance,"  as  impeaance,  reluctance,  and  per- 
meance, and  thus  the  statement  that  quantities  in  '^  ance  "  should 
be  constants  of  the  circuit,  is  against  the  adopted  practice  and  not 
fulfilled  by  either  definition. 

(2.)  Where  iron  is  present,  the  statement  for  harmonic  currents 

U  w 

contradicts  the  definition  of  K  by  the  equation 
J-        ^  E 

VIP  +  K' 

R  being  taken  as  the  ohmic  resistance  and  A'^as  reactance.  This 
is  due  to  the  presence  of  hysteresis.  These  relations  do  hold  in 
the  absence  of  iron,  and  such  cases  were  taken  by  us  in  our  paper 
to  illustrate  the  definition  for  simple  cases ;  the  fundamental  defi- 
nition, however,  should  in  our  opinion  be  suflSciently  general  to 
include  circuits  with  iron.  Consider  an  harmonic  current  flowing 
in  a  circuit  embracing  iron;  for  simplicity  assume  capacity 
absent.  The  last  equation  would  not  give  any  direct  relation 
between  the  inductance  and  reactance,  such  as  would  be  obtained 
from  the  equation  just  preceding,  but  would  make  reactance  still 
a  more  complex  quantity,  by  including  therein  not  only  the 
effect  of  self-induction  but  that  of  hysteresis  as  well.  Further- 
more, it  would  lead  to  the  result  that  the  reactive  e.  m.  f.  is  not 
wattless,  but  includes  an  energy  component,  an  idea  quite  foreign 
to  the  term. 

These  considerations  obliged  us  to  discard  any  indirect  defini- 
tion of  reactance  bjr  means  of  the  term  inductance,  and  to  adopt 
the  more  direct  definition  analogous  to  the  definition  of  resistance. 

The  definition  of  resistance  is  Ohm's  law  : 

where  E  and  /  represent  an  unvarying  e.  m.  f.  and  current,  re- 
spectively. 

Considering  E  and  /  as  an  harmonic  electromotive  force  and 
an  harmonic  current — or  in  the  case  of  alternating  Quantities 
which  are  not  simple  harmonics,  as  their  equivalent  narmonic 
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▼alnes,  that  is,  values  of  eqaal  square  root  of  mean  square  value 
and  equal  power — the  above  equation  gives  the  definition  of  im- 
pedance: 

E 
Impedance  =  — . 

Our  proposed  definition  for  reactance  is  analogously  written  : 

-_.                         reactive  E 
Keactance  =  — j . 

Further,  we  may  define  the  apparent^  resistance  of  the  circuit 

by  the  expression 

.  ,  power  E 

Apparent  resistance  =  — j — . 

In  the  absence  of  expenditure  of  energy  ontslde  the  electric  conr 
ductor.  this  quantity  coincides  with  the  true  ohmic  resistance. 

These  quantities  are  thus  defined  directly,  and  in  a  uniform 
manner.  How  far  these  quantities  are  constants  of  the  circuit 
depends  upon  the  circumstances;  in  any  case  reactance  and  im- 
pedance depend  upon  the  frequency. 

The  use  of  "  equivalent "  values  for  Quantities  is  employed  in 
the  paper  on  "  The  Law  of  Hysteresis,  111."  In  the  discussion  of 
this  paper  at  the  Philadelphia  meeting  the  significance  of  these 
values  IS  pointed  out. 

The  phenomena  taking  place  in  an  alternating  current  circuit 
cannot  fully  be  representea  by  the  terms : — ohmic  resistance,  in- 
ductance, and  capacity,  but  a  further  term  has  to  be  introduced, 
representing  the  losses  of  energy  outside  of  the  electric  conductor, 
as  hysteresis,  etc.,  and  the  most  satisfactory  way  to  do  this  appears 
tons  to  be  the  generalization  of  the  term  ''  resistance"  and  to  de- 
note by  it  "apparent  resistance,"  or  by  some  similar  term. 

Wherever  the  reactance  is  generalized  to  include  active  coun- 
ter B.  M.  F.'s.,  it  may  well  be  distinguished  by  the  denotation 
"  equivalent  reactance." 

We  would  emphasize  the  utility  of  two  reetanavlar  oompo- 
nent8y  whether  e.  m.  f.'s  or  currents  are  resolvedf.  Reactance 
should  always,  in  our  opinion,  be  associated  with  that  which  rep- 
resents no  expenditure  of  energy,  the  reactive  e.  m.  f.  being  at 
right  angles  to  the  current  and  the  reactive  current  (the  wattiesa 
current)  being  at  right  angles  to  the  e.  m.  f.  Whether  we  resolve 
currents  or  b.  m.  f.'s  depends  upon  the  problem  in  hand ;  each 
method  has  its  advantages.  If  we  resolve  the  current,  we  may 
write: 

(Current)*  =  (power  current)'  -{-  (reactive  current).* 
Divided  by  jF,  this  gives : 

(Admittance)*  =  (conductance)*  +  (susceptance)*, 

1.  The  term  apparent  resistance  is  here  used  in  contradisiinotion  to  the  true 
ohmio  resistance.  Whether  the  word  apparent  is  the  best  one  for  generalizing 
the  term  resistance  is  an  open  question;  we  so  use  the  word  in  the  present 
communication. 
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for  a  Bim pie  case;  in  general,  for  conductance  and  susceptanod 
we  should  write  apparent  conductance  and  apparent*  suscep- 
tance.  Admittance,  conductance  and  susceptance  are  thus  used 
as  the  inverse  correspondents  of  impedance,  resistance  and  reac- 
tance, and  may  be  added  as  vector  quantities.  Many  alternating 
current  problems  are  much  simplified  by  this  treatment.  It  is 
important,  however,  to  employ  components  which  are  at  right 
angles  to  each  other,  and  for  this  reason  the  definition  of  the 
Amebican  Institute  of  Electrical  Enqinbers  seems  preferable. 
It  is  in  this  point  that  the  definition  is  f  andatnentally  different 
from  that  or  the  French  writer  already  referred  to.  In  tlie 
absence  of  hysteresis  losses,  the  definitions  would  be  the  same, 
applying  the  term  equivalent  reactance  to  the  case  where  counter 
£.  M.  F.'s  other  than  those  due  to  capacity  and  self-induction,  are 
present.  To  conclude,  then,  we  may  say  that  in  the  absence  of 
iron  we  may  define  reactance  in  terms  of  inductance  and  capacity, 
as  this  writer  has  done,  and  as  has  been  done  by  us  in  the  illustra- 
tive examples  in  our  paper ;  the  fundamental  definition,  however, 
should,  in  our  opinion,  remain  in  the  general  form  adopted  by 
the  American  Institute  of  Electrical  Engineers. 

In  a  note  to  our  original  paper,  we  have  called  attention  to  the 
first  suggestion  of  the  term  reactance  by  M.  Hospitalier  in  May, 
1S93,  and  the  recommendation  of  the  committee  appointed  by 
the  8oci6te  Internationale  des  Electriciens  to  consider  the  pro- 
gramme for  the  Chicago  Congress,  1893.  The  term  is  a  happy 
one  ;  it  is  international,  and  uniformity  in  its  use  is  to  be  desired. 

In  our  opinion  the  best  definition  for  ^^ reactance"  is  that 
adopted  by  the  American  Institute  of  Electrical  Engineers. 
In  this,  as  in  all  matters,  there  is  however  room  for  difference  of 
opinion.  The  reasons  for  thus  defining  the  term  have  not  before 
been  published,  but  we  believe  that  when  tliey  are  duly  considered, 
the  action  of  the  Insittute  will  meet  with  international  approval. 

October  81,  1894. 


[Communicated  by  Prof.  H.  J.  Ryan,  November  218t,  1894.] 

I  like  the  definition  of  "reactance"  as  put  forth  by  the  authors 
of  this  paper.  Had  we  learned  to  use  alternate  currents  first, 
this  relation  between  the  constant  properties  of  a  circuit,  the 
current  and  e.  m.  f.  would  first  have  been  understood  instead  of 
Ohm's  law  : 

Impedance  =  -^. 

.  Experience  would  next  have  taught  us  that  this  impedance  re- 
lation is  made  up  of  two  fundamental  component  relations :  the 
-one  is  a  power  relation,  and  the  other,  a  wattless  relation.     Be- 
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cause  of  onr  early  familiarity  Math  direct  currents  we  learned 
loi\g  ago  to  write  the  power  relation  as : 

Resistance  =  — j — , 

^nd,  now,  if  we  accept  thie  definition  of  "  reactance '  the  second 
and  equally  important  component  of  the  impedance  law  will 
take  the  same  simple  form 

— .                         reactance  E 
Reactance  = f . 
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ENGINEERS. 


New  York,  September  19,  1894. 

The  89tli  meeting  of  the  Institute  was  held  this  date  at  12 
West  .31st  Street,  and  was  called  to  order  at  8:20  p.  m.  by  Vice- 
President  Crocker. 

The  Chaibman  (Vice-President  Crocker) : — The  first  business 
is  the  reading  of  the  names  of  the  associate  members  elected  by 
the  Council  this  afternoon. 
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652 


1804.] 


AB80CIATE  MEMBERS  ELECTED. 


65S 


Gushing,  Harry  Cooke,  Jr.,  Electrical      Inspector,     Boston  Caryl  D.  Haskins. 

Board  of  Fire  Underwriters,  55  Geo.  P.  Ciirtiss. 
Kilby  St. ;  residence,  259  Bea-  S.  Dana  Greene* 
con  St.,  Boston,  Mass. 

Darlington,  Frederic  W.,  Consulting  Electrical   and  Me-  C.  A.  Bragg. 

ohanical  Engineer,  508  Girard  Louis  Duncan. 

Building,  Philadelphia,  Pa.  E.  G.  Willyouiig. 

Manager    of    Works,    Eastman  Francis  B.  Hart. 

Kodak  Co.,  Rochester,  N.  Y.  J.  P.  B.  Fiske. 

Leonard  C.  Wason. 

Consulting  Electrical  Engineer,  E.  J.  Houston. 

Hale  Building,   Philadelphia,  W.  J.  Hammer. 

Pa. ;  residence,  Overbrook,  Pa.  A.  E.  Kennelly. 

Associate  Engineer  with  Chas.  L.  F.  Broadnox. 

Eidlitz,  lU  W.  23rd  St.;  resi-  L.  Stieringer. 

dence,  IflO  W.  129th  St.,  New  J.  C.  HatzeL 

York  City. 

Electrical  Inspector,  the  Under-  E.  Braddell. 

writers'    Association    of    the  L.  Knowles  Perot. 

Middle  Department,  Philadel-  T.  C.  Martin. 

phia,  Pa. ;  residence,  88  Fourth 

Ave.,  Pittsburg,  Pa. 

Chief  of  Electrical  Department,  W.  D.  Marks. 

Edison    Electric    Light   Co.,  C.  W.  Pike. 

909  Walnut  St.;  residence,  4280  E.  G.  Willyoung, 

Chester  Ave.,  Philadelphia, Pa. 

10  W.  28rd  St. ;  residence,  1125  P.  Broadnox. 

Madison     Ave.,     New    York  L.  Stieringer^ 

City.  J.  C.  Hatzel. 

Superintendent  of  Constraction,  E.  M.  Barton. 

Western    Electric    Co.,    4488     C.  D.  Crandall. 

Ellis  Ave.,  Chicago,  111.  T.  D.  Lockwood^ 


dbLangey,  Darragh, 


Drtsdale,  William  A. 


Dter,  Francis  Maron, 


Edbn,  Morton  Edward, 


Bglin,  Wm.  C.  L., 


Eidlitz,  Chas.  L., 


Ellicott,  Edward  B., 


Brickson,  F.  Wm., 


Electrical  Engineer,  with  C.  L. 
Livingston,   713    Penn    Ave,; 
residence,    5812    Parker   St., 
Pittsburg,  Pa. 
Salesman  with  W.  R.    Brixey, 
203  Broadway,New  York  City ; 
residence,  Meriden,  Conn. 
President,     The    Gerson   Elec- 
trical  Co.,  4308  Walnut  St., 
Philadelphia,  Pa. 
Grissinger,  Elwood  Aristides,   Electrical  Engineer, 

Mechanicsburg,  Pa. 


Fuller,  Frank  G., 


Gerson,  Louis  Jat, 


Hollerith,  Herman, 


HuBLET,  G.  Wilbur, 


Hunt,  Arthur  L., 


Eammeter,  Carl  E., 


La  Roche,  Fred.  A., 


E.  G.  Waters. 
S.  B.  Paine. 
R.  W.  Pope. 

G.  M.  Phelps. 

F.  R.  Colvin. 

W.  R.  Brixey. 

C.  W.  Pike. 

Carl  Hering, 

E.  J.  Houston. 

E.  J.  Houston. 

A.  E.  Kennellv. 

W.  E.  Geyer. 

T.  C.  Martin. 

Jos.  Wetzler. 

R.  W.  Pope. 

C.  F.  Scott. 

L.  B.  Stillwell. 

Alex.  J.  Wurts. 

T.  C.  Martin. 

W.  W.  Nicholson. 

R.  W.  Pope. 

Western  Manager  the  Electrical  Charles  Wirt. 
EngineeTy  1489  Monaduock  B.  J.  Arnold. 
Block,  Chicago,  111.  Geo.  B.  Shaw. 

President  and  Manager,  La  Roche  E,  G.  Willyoung. 
Electric  Works,  American  and  E.  J.  Houston. 
Diamond  Sts. ;  residence,  2235  A.  E.  Kennelly. 
N.  16th  St.,  Philadelphia,  Pa. 


Washington,  D.  C. 


Electrical    Engineer,  Louisville 
Electric  Light  Co., 

Louisville,  Ky. 
Electrician,  Utica  State  Hospital, 
Utica,  N.  Y. 


4194 


ASSOCIATE  MEMBERS  ELECTED. 


[Sept.  19, 


Ltman,  Ohbsteb  Woloott,  Manager,  Herkimer  Paper  Co., 

Herkimer,  N.  Y. 


Ltman,  James, 

Medina,  Frank  P., 
Mtbbs,  L.  E., 
Potter,  Henry  Noel, 
Price,  Chas.  W., 

Beed,  Harry  D., 

HiCHARDSON,  Robert  E., 
Roberts,  Wm.  H., 

Roller,  John  £., 

Rowland,  Arthur  John, 

:Shieli>8,  W.  J., 
:Slade,  Arthur  J., 
Smith,  Frank  E., 
Stetens,  J.  Franklin, 

Tait,  Frank  M., 
Varlby,  Thomas  W., 
Total,  44. 


Student  in  Electrical  En^neer- 
ing  at  Cornell  University,  89 
Eddy  St ,  Ithaca.  N.  Y.;  resi- 
dence, Middlefleld,  Conn. 

Electrician,  Pacific  Postal  Tele- 
graph Co  .  534  Market  St., 
San  Francisco,  Cal. 

Secretary  and  Treasurer,  Elec- 
trical Installation  Co.,  Monad- 
nock  Building,  Chicago,  111. 

Electrician.  Laboratory  of  West- 
inghouse  Electric  and  Mfg. 
Co.,  Pittsburg,  Pa. 

Editor  the  EUetriccU  Review,  18 
Park  Row,  New  York  City; 
residence,  1228  Garfield  Place, 
Brooklyn,  N.  Y. 

Electrician,  Bishop  Outta  Percha 
Co.,  420 E.  25th St.,  N.Y.  City; 
residence,  88  N.  9th  St,  New- 
ark, N.  J. 

Electrical    Engineer,    Pierce    & 
Richardson,  8827  Forest  Ave., 
Chicago,  111. 

Assistant  Engineer,  South  Cov- 
ington and  Cincinnati  Street 
Railway  Co.,  15  Harrison  St., 
Cincinnati,  O. 

Lieut.  U.  S.  N.,  in  charge  of  In- 
spection and  Installation,  U.  S. 
Navy  Yard,  New  York:  resi- 
dence, 515  Clinton  Ave.,  Brook- 
lyn. N.  Y. 

Professor  of  Electrical  Engineer- 
ing, Drexel  Institute ;  resi- 
dence, 4007  Powelton  Ave., 
Philadelphia,  Pa. 

Professor  of  Electrical  Engineer- 
ing, University  of  Vermont, 
Burlington,  Vt. 

Student  Electrical  Engineering, 
Columbia  College  ;  residence, 
62  E.  66th  St.,  N.  Y.  City. 

Chief  Electrician,  Edison  Light 
and  Power  Co.,  229  Stevenson 
St.,  San  Francisco,  Cal. 

Secretary  andTreasurer,La  Roche 
Electric  Works,  American  and 
Diamond  Sts. ;  residence,  1419 
Walnut  St.,  Philadelphia,  Pa. 

Superintendent  Catasauqua  Elec- 
tric Light  and  Power  Co.,  781 
3rd  St.,  Catasauqua,  Pa. 

Electrician,  The  Okonite  Co., 
Ltd.,  Passaic,  N.  J. 


Alex.  J.  Wurts. 

C.  F.  Scott. 

B.  Shallenberger. 

Fred.  Bedell. 

H.  J.  Ryan. 

E.  L.  Nichols. 

F.  F.  Barbour. 
C.  L.  Cory. 

J.  A.  Lighthipe. 

T.  C.  Martin. 

Gilbert  Wilkes. 

Jos.  Wetzler. 

R.  B.  Owena. 

E.  G.  Willyoung. 
E.  J.  Houston. 

G.  A.  Hamilton. 

G.  M.  Phelps. 

R.  W.  Pope, 

W.  E.  Geyer. 

G.  A.  Hamilton. 

H.  A.  Reed. 

R.  H.  Pierce. 

B.  J.  Arnold. 

Edw.  CaldweU. 

J.  A.  Cabot. 

T.  J.  Creaghead. 

A.  L.  Searles. 

C.  P.  Steinroetz. 
F.  R.  Upton. 

F.  Tischendoerf  er. 


H.  S.  Herin^. 

E.  J.  Houston. 
Louis  Duncan. 

E.  L.  Nichols. 
Fredk.  Bedell. 

C.  P.  Matthews. 

F.  B.  Crocker. 
M.  I.  Pupin. 

W.  H.  Freedman. 

F.  F.  Barbour. 
C.  L.  Cory. 

J.  A.  Lighthipe. 

E.  G.  Willyoung. 

E.  J.  Houston. 

A.  E.  Kennelly. 

R.  W.  Pope. 

H.  A.  Foster. 

J.  W.  Lattig. 

G.  A.  Hamilton. 

G.  W.  Gardanier. 

Jas.  Hamblet. 


1894.]  aPERRT  ON  TEE  ELECTRIC  BRAKE.  e55 

The  Chairman  : — The  time  is  somewhat  limited,  and  we  will 
pass  directly  to  the  reading  of  the  papers.  The  first  paper  is 
entitled  "  A  Study  of  the  Kesidual  Charges  of  Condensers  and 
their  Dependence  upon  Temperature,"  by  Frederick  Bedell  and 
Carl  Kinsley.  This  paper  is  to  be  read  by  title  only,  in  the  ab- 
sence of  the  authors,  as  it  has  been  printed  and  in  the  hands 
of  the  members  for  some  time  before  -the  meeting.  The  paper  is 
now  open  for  discussion,  if  there  are  many  remarks  to  be  maae  up- 
on it.  The  subject  is  rather  in  the  line  of  pure  physics,  but  is 
nevertheless  of  considerable  practical  importance  nowadays  as 
condensers  are  coming  more  and  more  into  use  in  connection 
¥rith  alternating  current  apparatus. 


A  paptr  fruenUd  at  tJU  ScfiJk  Meeting  ef  the 
American  Institute  0/  Electrical  Engineered 
New  Yerk^  Vice-President  Crecksr  in  the 
Chair,  Ckicage,  Pro/esaer  Stine  in  the  Chair^ 
September  Hfth,  1S94. 


A  STUDY  OF  THE  RESIDUAL  CHARGES  OF  CON- 
DEN8ERS,  AND  THEIR  DEPEJSDENCE  UPON 
TEMPERATURE. 

BY   FREDEBICK   BEDELL,   PH.D.,   AND   CARL  KINSLEY,   A.B.,   M.E. 


When  a  condenser  is  subjected  to  a  difference  of  potential  for 
some  time,  part  of  the  charge  received  is  absorbed  by  the  di- 
electric and  a  part  remains  upon  the  surface  of  the  condenser 
plates.^  This  latter  part  becomes  discharged  when  the  terminal 
of  the  condenser  are  connected  together  through  a  conducting 
circuit,  and  the  condenser  appears  to  be  in  a  perfectly  neutral 
condition.  The  absorbed  charge,  however,  still  remains  in  the 
condenser  and  will  gradually  come  to  the  surface  in  the  form  of 
a  residual  charge  of  the  same  sign  as  before.  If  this  be  dis- 
charged, and  the  condenser  be  allowed  to  stand  insulated,  a 
second  residual  charge  will  collect  in  the  same  way  as  the  first. 
A  series  of  residual  charges  with  rapidly  diminishing  values  may 
thus  be  formed.  Therefore,  the  condition  of  a  condenser  is  de- 
pendent upon  its  past  charges,  some  of  which  may  have  been 
held  by  the  dielectric  for  weeks  or  even  months  before  appear- 
ing upon  the  surface ;  a  former  charge  of  one  sign  may  entirely 
neutralize  a  subsequent  charge  of  opposite  sign  and  smaller 
value.  It  has  been  justly  said  that  the  past  history  of  a  con- 
denser must  be  known  before  it  can  be  trusted. 

The  object  of  the  present  investigation  was  to  determine  this 

1.  The  part  absorbed  depends  directly  upon  the  duration  of  the  time  of 
charge ;  the  part  remaining  on  the  surface  is  practically  indepHBndent  of  the 
length  of  charge,  for  the  condensers  used  in  the  present  investigation.  This 
was  shown  in  a  preliminary  investigation  by  Messrs.  W.  M.  Craft  and  H.  B. 
Henderson,  who  showed  the  first  discharge,  as  measured  by  the  throw  of  a 
ballistic  galvanometer,  to  be  independent  of  the  length  of  charge. 
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8oaking-in  effect  of  dielectrics.  A  study  was  made,*  first  of  the 
snccessive  residual  discharges  of  a  neutral  condenser  and  then  of 
the  effects  produced  by  previously  charging  the  condenser  in  the 
opposite  direction.  Figs.  1-10  show  some  results  from  this  part 
of  the  investigation.  The  absorption  by  the  dielectric  was  next 
studied  by  allowing  a  charged  condenser  to  stand  insulated,  and 
discharge  through  its  own  dielectric.  The  effect  of  a  previous 
negative  charge  upon  this  absorption  and  upon  the  apparent  re- 
sistance of  the  condenser  was  thus  studied,  as  shown  in  Figs.  11 
and  12.  An  investigation  was  then  made  of  the  influence  of 
initial  potential  upon  the  discharge  curves  and  the  insulation  re- 
sistance, the  results  being  shown  in  Fig.  13.  An  examination  of 
temperature  effects  was  then  undertaken.     The  influence  of  tern- 
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Fig.  1.— First  Residual  Discharge.  Cur^e  A  for  no  previous  charge;  curve 
B  for  a  previous  negativ^e  charge  for  80  seconds;  curve  C  for  a  previous  nega.- 
live  charge  for  00  seconds. 

perature  changes  upon  discharge  curves  through  various  com- 
mercial oils,  and  upon  the  resistance  of  the  oils  (see  Figs.  14,  15 
and  L6),  was  ascertained  preliminarily  to  similar  experiments  upon 
condensers.  Finally,  the  influence  of  temperature  upon  the 
absorption  by  the  dielectric  of  a  condenser  was  obtained  by  a 
study  of  the  successive  residual  discharges  (Figs.  17  and  18),  and 
by  discharge  curves  (Fig.  19)  at  different  temperatures.  We 
will  discuss  separately  the  several  parts  of  investigation. 

1.  The  condensers  used  throughoat  these  experiments  were  furnished  by  Mr. 
Stanley  in  the  spring  of  1893,  and  were  used  in  the  experiments  upon  ''Hedgehog 
Transformer  and  Condensers,"  described  in  a  paper  oef ore  this  iNSTrruTE,  Oct. 
18,  1898.    For  their  construction  see  Tbansactions,  vol.  x.,  p.  614. 
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The  Effect  of  a  Pkevious  Negative  Chakge  upon 
SrcoEssivE  Residual  Disohakges. 

Previous  to  the  final  charge,  the  condenser  was  subjected,  for 
this  series  of  experiments,  to  a  charge  of  opposite  sign.  The 
final  charge  was  in  every  case  in  the  same  direction  (arbitrarily 
called  positive)  and  for  the  same  length  of  time,  viz.,  30  seconds. 
Experiments  were  made  with  previous  negative  charges,  i,e.^ 
charges  opposite  in  direction  to  the  final  charge,  of  different 
duration.  The  value  of  the  positive  or  negative  potential  to 
which  the  condenser  was  charged  was  in  all  cases  about  114  volts. 
After  the  final  positive  charge  of  SO  seconds,  the  condenser  was 


Fig.  2. — ^First  Residual   Discharge.      Previous  negative  chaige   as  follows; 
curve  0  60  seconds;  curve  D  90  seconds;  curve  £130  seconds. 

allowed  to  stand  insulated  for  five  seconds,  and  was  then  short- 
circuited  for  15  seconds.  After  this  discharge  by  short-circuit- 
ing, the  condenser  was  allowed  to  stand  insulated  for  definite 
intervals  of  time,  during  which  the  absorbed  charges  worked  out 
to  the  surface.  It  was  then  discharged  through  a  galvanometer, 
the  throw  of  which  furnished  a  comparative  measure  of  the  dis- 
charges. Successive  residual  discharges  were  thus  obtained  by 
allowing  the  condenser  to  stand  after  each  discharge  for  an  inter- 
val of  time,  during  which  the  residual  charges  worked  to  the 
surface.  The  first,  second,  third  and  fourth  residual  discharges 
were  obtained  with  equal  intervals  of  time  between  the  succes 
sive  discharges.     This  was  repeated,  allowing  different  intervals 
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of  time  between  the  discharges,  and  the  results  are  shown  in 
Figs.  1-8.  In  these  figures,  curves  a,  b,  c,  d  and  e  represent  the 
residual  discharges  corresponding  to  different  lengths  of  previous 
negative  charge.  In  the  case  of  curve  a,  there  was  no  previous 
charge  of  any  kind,  the  condenser  being  as  nearly  neutral  as 
possible  when  the  final  positive  charge  of  30  seconds  was  given. 
The  measurements  for  curve  b  were  made  upon  the  same  con- 
denser, which  was  given  a. previous  negative  charge  for  30 
seconds,  was  then  allowed  to  stand  insulated  for  five  seconds, 
and  then  short-circuited  for  15  seconds  previous  to  the  final  posi- 


TO  80  40  0O  OO  70  80 

Pig.  8.— Second  Residual  Discharge. 

tive  charge.  For  curve  o,  the  condenser  received  a  preliminary 
negative  charge  for  60  seconds,  stood  insulated  for  five  seconds 
and  was  then  short-circuited  for  15  seconds  previous  to  the  final 
positive  charge.  For  curves  d  and  e,  the  previous  negative 
charges  were  90  and  120  seconds  respectively,  all  other  opera- 
tions being  as  before.  The  absorption,  due  to  a  positive  charge, 
deflected  the  needle  to  the  right,  and  such  deflections  are  plotted, 
above  the  X-axis;  deflections  to  the  left,  due  to  a  negative 
charge,  are  plotted  below  the  axis.  In  taking  curves  d  and  e,  the 
sensitiveness  of  the  galvanometer  was  changed,  and  curve  c  was, 
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therefore,  determined  twice,  in  order  to  show  the  relation  between 
curves  a  and  b  and  curves  d  and  e. 
The  eflFect  of    the  previous  negative  charge  in  partially  or 
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wholly  neutralizing  the  iinal  positive  charge  is  clearly  seen  by  an 
inspection  of  the  curves.      This  influence  becomes   more  and 
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more  marked  with  each  successive  discharge,  and  still  more  ap- 
parent as  the  intervals  between  the  discharges  are  made  greater. 
This  would  naturally  be  so,  since  the  previous  residual  charge  has 


1894.] 


BEDELL  AND  KINSLEY  ON  CONDENSERS. 


661 


time  to  work  out  and  neutralize  the  absorption  due  to  the  final 
charge. 

In  the  first  residual  discharge  curves,  Figs.  1  and  2,  the  pre- 
vious charge  has  evidently  the  most  influence  where  the  intervals 
between  discharges  are  the  longest,  and  although  the  discharges 
are  all  positive,  it  is  not  at  all  unlikely  that  curves  d  and  e,  at  any 
rate,  would  be  brought  to  zero,  or  even  made  negative  by  increas- 
ing the  intervals  between  discharges. 

In  the  curves  for  the  second  residual  discharges,  Figs.  3  and  4, 
curve  0  is  brought  to  zero,  while  curves  d  and  e  actually  cross 
the  X-axis,  indicating  a  negative  discharge ;  that  is,  one  opposite 


Fig.  6.— Third  Residual  Discharge. 

in  direction  to  the  final  charge.  The  evident  turning  again  of 
the  lower  part  of  the  curves  indicates  that  the  previous  negative 
charge  is  becoming  weakened. 

All  these  effects  are  more  marked  in  the  curves  for  the  third 
residual  discharges,  Figs.  5  and  6,  where  in  the  case  of  curves  d 
and  E,  the  10-second  interval  is  the  only  one  giving  a  residual 
discharge  in  the  direction  of  the  final  charge.  These  curves  are 
very  nearly  of  the  form  which  they  would  have  if  the  final* 
positive  charge  had  not  been  given  to  the  condenser  at  all,  and 
the  residual  discharges  were  due  only  to  the  previous  nega- 
tive charge  as  is  more  plainly  seen  by  inverting  the  figure.  As 
is  usual,  the  fourth  residual  discharge  curves  are  rather  fiat,  but 
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curves  d  and  b,  as  tbey  indicate  the  presence  of  merely  a  nega- 
tive charge,  resemble  the  usual  second  discharge  curves  and  are 
considerably  concaved  towards  the  X-axis. 


Fig.  7. — Fourth  Residual  Discbarge. 

The  fifth  and  sixth  discharge  curves  were  obtained,  but  were 
not  suflSciently  marked  to  warrant  reproduction  ;  they  merely 
emphasized  the  foregoing  observations. 

The  curves  shown  in  Figs.  9  and  10  are  obtained  from  the  pre- 
ceding curves,  and  show  the  eflEect  of  a  change  in  the  length  of  the 
previous  negative  charge  given  to  the  condenser  before  the  final 
charging.     The  residual  discharges,  as  measured  by  the  throw  of 


Fig.  8.— Fourth  Residual  Discharge. 

the  galvanometer,  are  represented  as  ordinates,  and  the  length 
of  the  previous  negative  charges  as  abscissae.   Two  sets  of  curves 
are  drawn,  obtained  with  intervals  between  the  successive  dis- 
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charges  of  45  and  90  seconds,  respectively.  In  the  case  of  the 
curves  corresponding  to  intervals  of  90  seconds,  the  residual  dis- 
charges decrease  with  the  increase  of  the  previous  negative 
charge,  more  rapidly  than  for  the  corresponding  curves  taken 
with  45-second  intervals  between  the  successive  discharges.  This 


80  60  00  120 

LINQTH  or  PREVIOUS  NEQATIVE  CHARQE 


Fig.  9. — Effect  of  Previous  Negative  Charge  upon  Residual  Discharges. 

is  in  accordance  with  the  interpretation  of  the  previous  results^ 
These  curves  show  plainly  that  the  absorption  of  the  previous 
negative  charge  becomes  greater  as  the  time  of  this  charge  is  in- 
creased ;  and  the  smoothness  of  the  curves  would  indicate  that 
the  dependence  of  absorption  upon  time,  follows  some  definite 
law.     The  curves  would  probably  be  asympotic  to  some  line  de- 
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tennined  by  the  condition  of  the  condenser  and  the  nature  of 
the  dielectric.  Tliis  line  would  then  represent  the  limit  to  the 
amount  of  absorption. 

The  reflex  nature  of  the  curvCvS,  particularly  of  d  and  e,  Figs. 
4  and  6,  suggested  that  they  might  be  made  to  again  cross  the  axis 
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Fig.  10. — Effect  of  Previous  Negative  Charge  upon  Residual  Dischargee. 


of  Xif  three  charges  were  given  them,  the  first  being  in  the  direc- 
tion of  the  final  charge.  This  was  done,  and  upon  short-circuiting 
the  condenser  and  then  taking  residual  discharges  at  10-second 
intervals,  the  galvanometer  first  showed  positive,  then  negative, 
and  finally  again  positive  residual  discharges. 

With  longer  intervals  between  discharges  it  was  found  that 
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residual  charges  of  opposite  sign  more  thoroughly  neutralized 
each  other.  Hence,  a  condenser,  if  charged  in  both  senses  for 
different  periods,  would  show  before  long  a  residual  discharge 
merely  in  the  direction  of  the  greatest  absorption.  If  the 
period  were  made  long  enough  this  would  likewise  leak  away, 
and  the  curve  would  approach  the  axis  of  X;  although,  prob- 
ably, the  condenser  would  never  become  absolutely  neutral. 

The  Effect  of  Absorption  upon  the  Discharge  Curves. 

The  curve  for  the  discharge  of  a  condenser  through  its  own 
dielectric  deviates  widely  from  an  exponential  curve  on  account 


Fig.  11. — Condenser  Discharge  Curve  and  Computed  Resistance. 
(Condenser  No.  8.) 

of  the  absorption  of  charge  in  the  dielectric ;  for,  as  a  condenser 
discharges,  this  residual  charge  works  out  to  the  surface  and  be- 
comes effective.  The  form  of  the  discharge  curve  depends  like- 
wise upon  previous  charges,  whether  of  the  same  or  of  opposite 
sign.  The  resistance  of  a  condenser  is  similarly  dependent  upon 
this  absorption. 

The  discharge  curves  of  the  condenser  were  obtained  by  meas- 
uring the  difference  of  potential  at  its  terminals,  by  means  of  a 
multicellular  voltmeter,  as  the  condenser  was  allowed  to  dis- 
charge through  its  own  dielectric.  The  leakage  through  the 
voltmeter  was  found  to  be  negligible.     Assuming  that  the  dis- 
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charge  of  the  condenser  follows  the  exponential  law,  we  have 

_  j_ 
F,  =  Po  e      ^  ^' 
where   F©  represents  the  initial  potential ;    Ft  the  potential  at 
some  time  t  counted  from  the  beginning  of  discharge ;  C,  the 
capacity  of  the  condenser ;  li  the  insulation  resistance,  and  e  the 
base  of  the  Napierian  logarithms.     This  gives 

t 


Ji=t 


This  value  of  the  resistance  is  the  value  which  would  be  true  if 
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Fig.  12. — Condenser  Discliarge  Curve  and  Computed  Resistance. 
(Condenser  Ko.  8.) 

the  discharge  curve  were  exponential  from  the  beginning  of  dis- 
charge to  the  time  t. 

The  resistance  may  be  otherwise  computed  by  taking  brief 
intervals  of  time  and  assuming  the  curve  to  be  exponential  for 
this  time.  Thus,  if  Vi  and  F2  are  the  potentials  at  the  times  ti 
and  1^,  we  have 


R  = 


The  value  of  the  resistance  thus  obtained,  which  we  will  call  R\ 
is  a  closer  approximation  than  the  resistance  R  obtained  above^ 
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and  becomes  more  nearly  a  true  valae  for  the  apparent  resistance 
of  a  condenser  as  the  interval  between  ^  and  ^  is  shortened. 

In  Fig.  1 1  is  given  the  observed  discharge  curve  from  a  con- 
denser, which,  although  used  for  some  time,  had  always  been 
charged  in  the  same  direction.  An  exponential  curve  is  also 
plotted  with  the  assumed  constant  resistance  of  4,250  megohms* 
The  derived  curves  showing  tlie  variation  of  the  resistances  R 
and  R\  obtained  as  explained  above,  are  also  given. 

This  condenser  was  left  short-circuited  for  88  hours,  and  then 
charged  in  the  opposite  direction,  and  the  curve  of  discharge  ob- 
tained as  above.  The  results  are  shown  in  Fig.  12.  The  pre- 
vious charge  affects  the  shape  of  the  discharge  curves,  but  its 
influence  is  more  clearly  seen  in  the  curves  for  the  variation  of 
resistance.  The  increase  in  apparent  resistance,  shown  in  Fig. 
11,  is  due,  CU9  has  already  been  explained,  to  the  absorption  in  the 
dielectric.  In  Fig.  12  the  resistance  increases  at  first,  due  to  the 
absorption  of  the  final  charge,  and  then  decreases  as  the  previous 
absorption  of  opposite  sign  begins  to  be  effective.  From  this  it  is 
evident  that  the  soaking-in  effect,  which  is  the  cause  of  the  usual 
rise  of  resistance,  must  have  acted  in  the  opposite  direction,  and 
so  must  have  hastened  instead  of  hindering  the  discharge.  Where 
the  curve  for  resistance  R\  calculated  for  short  intervals  of  time 
from  the  discharge  curve,  is  horizontal,  the  two  absorbed  charges 
neutralize  each  other,  the  resistance  is  constant  and  the  discharge 
curve  is  truly  exponential. 

The  exponential  curves,  of  course,  cross  the  actual  discharge 
curves  when  the  resistance  of  the  condenser  is  the  same  as  the 
constant  resistance  assumed  for  the  exponential  curve.  The  re- 
sistance assumed  in  the  case  of  an  initially  neutral  condenser 
should  be  so  small  that  the  exponential  curve  would  lie  entirely 
below  the  observed  discharge  curve,  inasmuch  as  the  apparent 
resistance  is  increased  by  the  coming  out  of  the  charges  pre- 
viously absorbed. 

The  Influence  of  Initial  Potential  upon  the  Average 

Resistance. 

To  show  more  definitely  that  the  departure  of  the  discharge 
curve  from  an  exponential  form,  and  the  variation  of  resistance 
were  due  to  absorption,  and  were  conseciuently  functions  of  the 
time  rather  than  potential,  discharge  curves  were  taken  through 
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a  wide  range  of  initial  potential,  and  the  average  resistance  cal- 
culated by  taking  the  mean  values  of  the  resistances  obtained 
after  60,  160  and  260  minutes,  according  to  the  two  methods 
above  explained.  Two  condensers  were  used  to  check  the  accu- 
racy of  the  work.  The  results  agree  throughout,  and  show  a 
practically  constant  resistance  throughout  the  range  of  initial 
potential  employed,  viz.,  from  150  to  450  volts,  as  shown  in  Fig. 
13.  The  condensers  were  designed  to  stand  a  pressure  of  500 
volts,  so  we  may  conclude  that  while  the  insulation  remains  un- 
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Pig.  13. — Average  Resistance  Corresponding  to  Different  Initial  rotentials. 

strained,  the  changes  which  occur  are  due  to  what  may  be  termed 
local  causes — such  as  the  conditions  of  the  atmosphere  and  of 
previous  charge — rather  than  to  the  initial  potential  of  the  con- 
denser. 

The  Effect  of  Temperatuke  upon  the  Resistance  of  Oils. 

The  foregoing  results  show  the  effects  of  absorption  in  a 
«olid  dielectric.  The  results  which  follow  show  that  the  absorp- 
tion in  ordinary  dielectrics,  as  shown  by  the  residual  discharges 
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and  the  curves  of  discharge  of  a  condenser  through  the  dielec- 
tric, are  closely  dependent  upon  temperature  changes,  and  that 
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Fig.  15. — Resistance  of  Vacuum  Oil  at  Dijfferent  Temperatures. 

the  effects  of  absorption  and  residual  discharge  disappear  entirely 
at  high  temperatures.  A.n  investigation  of  the  effect  of  tem- 
perature changes  upon  the  resistance  of  various  commercial  oils 
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was  made  preliminarily  to  a  similar  investigation  upon  solid  di- 
electrics. The  experiments  for  the  determination  of  these  tem- 
perature effects  were  conducted,  under  the  direction  of  one  of 
us,  by  Mr.  E.  G.  Gilson  and  Mr.  E.  G.  Mason,  and  are  described 
at  length  iu  their  report^  upon  the  work. 
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Fig.  16. — Resistance  of  Vacuum  Oil  at  Different  Temperatures  after  60-8econd 

Electrification. 

In  perfect  oils  there  should  be  no  absorption  of  charge,  and 
the  curves  for  the  discharge  of  a  condenser  through  such  oils 
should  follow  the  exponential  law.     Two  surface  plates  were  im- 

1.  See  MS.  thesis  in  the  Cornell  University  Library  'Effects  of  Tempera- 
ture upon  Dielectrics,"  by  E.  Or.  Gilson  and  "&,  G.  Mason. 
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mersed  iu  the  oil  experimented  tipon ;  these  plates  were  25.25 
cm.  long  by  17.5  cm.  wide,  and  were  separated  by  three  hard- 
rubber  pillars  1.47  cm.  high.  The  resistance  of  the  oil  was  de- 
termined by  discharging  a  condenser  of  known  capacity  through 
the  oil  by  connecting  the  terminals  of  the  condenser  to  these  two 
surface  plates.  The  potential  at  the  terminals  of  the  condenser 
was  measured  by  a  multicellular  voltmeter,  and  the  resistance 
computed  according  to  the  exponential  law.  The  resistance  of 
the  rubber  pillars,  the  multicellular  voltmeter  and  of  the  con- 
denser insulation  were  so  small  compared  with  that  of  the  oil, 
that  no  correction  for  them  was  found  necessary. 

The  results  for  different  oils  were  similar,  and  curves  are, 
therefore,  given  for  vacuum  oil  alone. 

Fig.  14  shows  the  curves  for  the  discharge  of  a  condenser 
through  vacuum  oil  at  different  temperatures.  The  temperature 
of  the  condenser  and  its  capacity  were  constant.  The  resist- 
ance of  the  oil  computed  from  the  discharge  curves  according 
to  the  first  method  already  described,  is  plotted  in  Fig.  15.  For 
the  lower  temperatures  there  is  a  slight  increase  in  the  resistance 
during  the  discharge.  This  has  already  been  commented  upon 
in  the  case  of  solid  dielectrics,  and  indicates  that  there  has  been 
some  absorption,  possibly  due  to  impurities  in  the  oil.  That  the 
resistance  is  more  nearly  constant,  and  the  discharge  curves  ex- 
ponential at  the  high  temperatures,  indicates  that  absorptive 
effects  disappear  at  these  temperatures. 

Fig.  16  shows  the  resistance  of  vacuum  oil  at  different  tem- 
peratures after  an  electrification^  of  60  seconds.  This  decrease 
in  resistance  is  most  rapid  between  30°  and  60°  where  the  resis- 
tance diminishes  over  80  per  cent.  The  same  phenomena  were 
observed  in  the  experiments  with  boiled  linseed  oil,  petroleum  oil 
and  cylinder  oil.  The  results  are  given  in  the  accompanying 
tables. 

Resistance  in  Megohms  of  1  cu.  cm.  of  Vacuum  Oil. 


Time  in  Sees. 

18.5' 

32'* 

40«> 

50S 

6o» 

70O 

8o<» 
58*600 

30 
60 
90 

X20 

150 

6a2,ooo 
643,500 
649,900 
666.000 
683,000 

547.550 
549.500 
560,000 
564,500 
564,000 

395,000 

396,600 
384,000 
383,500 

247,500 
253,500 
249,500 
249,000 
245.000 

139,200 
140,100 
142,000 

2^"5o 
88,000 

1.  This  word  as  here  used  may  be  misleading.     It  is  used  to  denote  the  time 
the  condenser  stands  electrified  alter  being  separated  from  the  source  of  potential 
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Kbsistanoe  in  Megohms  of  1  bu.  om.  of  Cylindbb  Oil. 


Time  in  S«cs. 

ao? 

40' 

So» 

60? 

70- 

80? 

90' 

90 

X90 
150 

141, xoo 

141.000 
162,950 

165,800 
185.300 

136,000 
Mo,950 
J4a»S«> 
146,900 

78.900 
78,750 
80,350 
89.  zoo 
83>6oo 

60,300 
63,900 
64,900 
63.9S0 
64.900 

40,850 
49,700 
53»6oo 
44.990 
44»550 

36.830 
38.750 
39,550 
40,300 
40,850 

37.4ao 
39.300 
40,450 
40.500 
4».650 

Bksibtanoe  of  Boiled  Linseed  Oil. 


Time  in  Sees. 

Resistance  in  Megohms. 

90? 

30? 

40* 

10 

9,310 
a,34o 

1,963 
x,i8i 

^X 

Kesistanoe  of  Petboleum  Oil. 


Time  in  Sees. 

Resistance  in  Megohms  at 

X3' 

ao? 

ao'* 

40» 

SO? 

90 

I90 

»5o 

44,700 
45,650 
46,550 
47.«50 
47.550 

38,900 
39.990 
40,850 
40,900 

98,150 
98,910 
98,790 

90,900 
19,740 

14,900 

Temperature  Effects  fpon  Solid  Dieleotrios. 

For  this  investigation  the  same  condensers  were  used  as  in  the 
experiments  described  in  the  earlier  parts  of  this  paper.  An 
investigation  of  the  dielectric  hysteresis  of  these  condensers  and 
the  effects  of  temperature  upon  capacity  have  already  been 
described  at  length  in  a  paper^  in  the  Physical  jRevieWj  where  a. 
detailed  description  of  the  condensers  is  also  given. 

A  determination  of  the  capacity  of  the  condenser  was  made 
in  connection  with  these  earlier  experiments,  and  also  during  th& 
present  investigation  a  year  later.  The  values  are  here  given; 
for  comparison. 


Condenser. 

No.  9. 

No.  3. 

No  4. 

Capacity  (Microfanids)  in  1893 

• 

X.57X 
1.593 

x.Sa 
»-535 

>-539 
*.554 

"^'^    '  '          •*         '  •*  1894 

1.  Bedell,  Ballantjne  and  Williamson  **  Alternate-Current  Cbndensen  and 
Dielectric  Hysteresis,"  Phytieal  Beemo,  toI.  i.,  No.  2. 
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Yia,  17.— Residual  Discharges  of  Condenser  at  f^^  C. 
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The  measurements  were  made  in  each  case  by  the  method  of 
mixtures,  but  with  different  apparatus  so  that  some  of  the  varia- 
tion may  be  due  to  tlie  change  of  standards.  The  condensers, 
however,  had  stood  severe  treatment,  being  in  continual  use  for 
a  year  under  all  sorts  of  conditions  and  a  slight  change  of  capac- 
ity might  be  looked  for. 
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Fig.  18.— Residual  Discharges  of  CoDdenser  at  dd""  C  and  40**  0. 

Temfperoi^/u/re  Effects  vpon  HesidtuU  Discha/rges. — The  first, 
second,  and  third  residual  discharges  were  obtained  at  different 
temperatures  by  the  method  used  in  the  experiments  already  de- 
scribed.    The  sensitiveness  of  the  galvanometer  was  not  kept 
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constant  so  that  the  deflections  cannot  be  compared  so  as  to  show 
the  relative  values  of  the  absolute  quantity  of  electricity  con- 
stituting the  residual  discharges  under  difEerent  conditions.  The 
shape  of  the  curves  plotted  in  Figs.  17  and  18,  however,  indi- 
cates the  relative  amount  of  absorption  at  different  temperatures, 
which  is  the  point  in  question. 

The  residual  discharges  at  26°  C.  show  a  large  amount  of  ab- 
sorption, as  it  took  long  intervals  between  discharges  to  equalize 
the  residual  discharges.  * 

Residual  discharges  at  32°  C.  give  curves  much  flatter ;  the 
interval  between  discharges  does  not  largely  affect  their  amount 
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Fig.  19. — CondeDser  Discharge  Curves  at  Different  Temperatures. 

Residual  discharges  at  40°  C.  give  remarkably  flat  curves,  the 
intervals  between  discharges  having,  practically,  no  effect  upon 
the  discharges.  This  indicates  that  there  was  but  little  absorp- 
tion. Whatever  residual  charge  there  was,  so  readily  passed  out, 
that  a  large  increase  in  the  intervals  between  discharges  did  not 
affect  the  quantity  of  the  residual  discharge. 

These  experiments  show  conclusively  that  absorption,  as  shown 
by  residual  effects,  disappears  at  high  temperatures. 

Temperature  Effects  upon  Discharge  Cv/rves  and  Instdation 
Resistance, — The  insulation  resistance  of  a  condenser  was  ob- 
tained by  allowing  the  condenser  to  discharge  through  its  own 
insulation,  and  then  solving  the  usual  exponential  equation  for 
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the  resistance.  The  capacity  of  the  condenser  at  different  tem- 
perature was  known  as  the  result  of  the  experiments  already 
referred  to. 

The  discharge  curves  at  different  temperatures  are  given  in 
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Fig.  20. — Condenser  Resistance  after  Different  Times  of  Electrification  at 
Different  Temperatures. 


Fig.  19 ;  the  differences,  are  due,  however,  to  change  in  both 
capacity  and  resistance. 

The  variation  in  resistance  during  the  discharge,  computed 
according  to  the  first  method  before  described,  is  shown  in  Fig. 
20,  and  is  to  be  compared  with  Fig.  15  which  shows  the  corres- 
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ponding  results  for  vacuum  oil.  Fig.  20  shows  that  the  resist- 
ance remains  more  nearly  constant  at  high  tempeititures.  Inas- 
much as  this  variation  of  resistance  during  discharge  is  due  to 
absorption,  it  is  evident  that  there  is  less  and  less  absorption  as 
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Fig.  21.— Condenser  Resistance  for  Diflferent  Temperatures  after  three 
Minutes  Electrification. 


the  temperature  rises,  a  conclusion  already  reached  from  a  study 
of  residual  discharges. 

The  condenser  resistance  at  different  temperatures,  after  three 
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minutes  of  electrification,^  is  giTen  in  Fig.  21,  and  is  in  form 
quite  similar  to  the  corresponding  curve  for  vacuum  oil  (Fig.  16). 
The  sudden  bend  in  a  curve  after  40*^  corresponds  to  the  rapid 
changes  in  capacity  at  these  temperatures.   Between  42°  and  60* 


Fig.  22.- 


-Condenser  Resistance  for  Different  Temperatures  after  Different 
Times  of  Electrification. 


the  capacity  increases  very  rapidly.  When  the  capacity  becomes 
infinite,  the  resistance  will,  of  course,  be  zero. 

Mr.  M.  A.  Hess  read  a  paper  before  La  Soci6t6  Francaise  de 
Physique,  a  review  of  which  appeared  in  IJEleci/rioienu^  January, 

1.  See  preceding  note. 
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1894,  in  which  he  says  in  speaking  of  the  phenomena  of  absorp- 
tion :  *'  If  the  product  of  the  capacity  and  resistance  of  different 
^'  portions  of  the  dielectric  sheet  are  equal,  there  will   be  no 

*^  residual  discharges It  has  been  observed  that  the 

*^  insulation  dmiinishes  when  the  temperature  rises From 

^'  this  it  is  seen  that  there  is  a  temperature  at  which  the  pheno- 
'^  mena  of  the  residual  charge  disappears." 

In  Fig.  22  curves  are  drawn  after  different  times  of  electrifi- 
cation similar  to  the  curve  in  Fig.  21.  These  emphasize  the  re- 
sults already  discussed.  These  curves  come  nearer  and  nearer 
together  at  high  temperatures  as  absorption  is  eliminated,  and 
apparently  would  coincide  at  some  temperature  between  40°  C. 
and  50°  C,  the  limiting  temperature  the  condenser  could  stand. 

The  experiments  given  above  would  indicate  that  in  the  case 
of  the  paraffin  condenser,  absorption  will  never  be  eliminated 
until  the  capacity  becomes  infinite.  The  temperature  was  raised 
until  the  resistance  became  only  ^j^th  of  its  normal  value.  The 
absorption,  though  diminishing,  was  very  definite  in  amount, 
and  the  condenser  would  evidently  break  down  before  the  re- 
sidual discharges  entirely  cease. 

Conclusion. 

The  action  of  a  condenser  is  dependent,  in  a  marked  degree, 
upon  its  previous  history  ;  so  much  so,  in  fact,  that  its  previous 
charges  may  be  of  more  importance  in  determining  its  action 
under  certain  circumstances  than  charges  received  later.  In  that 
case  the  previous  absorption,  after  neutralizing  the  absorption 
due  to  the  final  charge,  may  give  rise  to  residual  discharges 
which  increase  with  time  up  to  their  previous  initial  value. 
'  Absorption  gives  rise  to  the  phenomena  of  residual  charges 
and  causes  the  condenser  to  depart  from  the  exponential  law  in 
discharging  through  its  own  dielectric.  The  increase  in  appar- 
ent resistance  in  the  condenser  during  discharge  is  associated 
with  this  effect  of  absorption.  Previous  charges  modify  these 
results,  increasing  or  decreasing  them  according  to  whether  the 
previous  charges  were  in  the  same  or  opposite  sense. 

The  resistance  of  pure  oils  is  constant  at  any  one  temperature, 
but  falls  off  rapidly  with  the  temperature.  There  are,  accord- 
ingly, ujO  absorption  or  residual  effects  in  pure  oils. 

In  solid  dielectrics  the  effects  of  absorption  are  diminished  as 
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the  temperature  is  increased,  as  shown  by  the  residual  discharges 
and  by  the  changes  in  the  insulation  resistance. 

This  investigation  can  in  no  wise  be  considered  as  comprehen- 
sive. Many  of  the  results  here  described  are  already  known, 
but  they  have  not  before  been  presented  together,  so  as  to  show 
the  relation  between  them.  The  fact  that  the  previous  condition 
of  the  condenser  has  such  an  influence  upon  its  action,  causes 
considerable  embarrassment  in  an  investigation  of  this  sort,  in- 
asmuch as  a  condenser  used  once  under  certain  conditions  may 
be  practically  useless  in  the  same  investigation  for  further 
-experiments.  One  of  the  condensers  experimented  upon,  re- 
tained its  past  charges  after  being  short-circuited  for  a  month, 
and  it  was  necessary  to  employ  another  condenser  which  was 
neutral,  for  further  experiments. 
■Cornell  University,  June,  1894. 


The  Chairman: — As  there  appears  to  be  no  discussion, 
we  will  pass  to  the  next  paper,  which  is  entitled  "The 
Electric  Brake  in  Practice,"  by  Elmer  A.  Sperry,  of  Cleveland, 
Ohio,  whom  I  now  take  pleasure  in  introducing  to  you. 

Mr.  Sperry  : — In  connection  with  this  paper,  I  vnsh  to  thank 
the  Excelsior  Electric  Company,  who  have  kindly  loaned  us  the 
series-wound  motor  before  you,  and  also  the  Weston  Electrical 
Instrument  Company,  who  have  furnished  us  with  these  two 
beautiful  illuminated  ammeters  by  means  of  which  we  are  all  able 
to  so  easily  observe  the  current  furnished  the  motor  in  accelerat- 
ing, and  also  the  current  produced  in  the  brake  circuit  by  the 
transformed  motor  after  it  is  converted  into  a  dynamo. 


pa^r  ^esemUd  at  tk^  SfiA    MeHim£  0/  tkt 

American  Institmtt  0/  Electrical  Emgituers, 
Sew  Verk,  Vice-Preeideni  Crecker  in  the 
Chair^  Ckicage^  Pre/ettor  Stine  in  the  Chair ^ 
September  iqth^  1894. 


THE  ELECTRIC  BRAKE  IN  PRACTICE. 
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Enterprise  in  the  United  States  for  the  public  convenience  of 
her  citizens  is  traly  phenomenal,  and  reaches  its  highest  expre^ 
sion  in  conveniences  for  travel.  The  per  capita  investment  in 
the  cities  and  larger  towns  of  this  country  for  electric  street  rail- 
road work  is  much  larger  than  is  often  realized ;  in  some  no  lesa 
than  $55.  is  invested  for  each  man,  woman  and  child,  for  accom- 
modation in  intramural  travel.  The  enormous  aggregate  sum 
thus  invested  has  given  a  stimulus  to  engineers,  resulting  in 
wonderful  advancement  and  refinement  in  means  for  mobilizing 
the  thousands  of  tons  of  human  freight  that  are  hourly  seeking 
transport.  Yast  skill  and  almost  untold  resources  have  been  de- 
voted to  perfecting  means  for  overcoming  inertia,  and  quickly 
accelerating  cars  and  trains  which  are  ever  increasing  as  to  their 
weight  and  capacity,  with  patrons  constantly  more  exacting  as  to 
speed  and  smoothness  of  operation,  and  especially  as  to  safety. 
It  is  proverbial  that  while  these  advancements  have  been  going^ 
forward,  comparatively  no  attention  has  been  paid  to  the 
mechanism  for  retarding,  and  quickly  but  smoothly  bringing  the 
cars  and  trains  to  a  stop. 

The  popular  appreciation  of  this  point  is  illustrated  by  the 
growing  frequency  of  its  discussion  by  the  daily  press  in  our 
larger  cities.  The  following  is  an  extract  from  an  editorial 
recently  appearing. 

"  The  number  of  deaths,  due  to  motor  cars,  has  alarmingly  in- 
"  creased  since  the  trolley  system  liberated  the  slow-going  horse 
"  and  mule.  Not  that  the  deaths  are  due  to  the  electric  current. 
"The  'deadly  trolley '  notion  has  properly  been  exploded.  It  i* 
**  the  car  wheels  that  are  doing  the  deadly  work.     Now  that  the 
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^^  motors  and  trucks  have  been  in  a  measure  standardized,  mana- 
^'  gers  of  larffe  roads,  especially,  are  being  asked  by  their  patrons 
"  why  they  do  not  adopt  proper  precantions  so  that  the  death-rate 
*'  may  be  cut  down.  There  is  no  one  part  of  electric  or  cable 
"  railroading  so  important  as  the  ability  to  stop  the  cars  quickly. 
**  At  such  times  hand-brakes  show  their  inherent  inadequacy." 

As  the  practice  of  the  steam  railroad  engineer  as  to  road  beds,, 
speeds  and  weights  are  gradually  approached,  his  experience  in 
the  solution  of  this  most  important  problem  of  braking  should 
be  studied  with  care.  In  so  doing,  however,  the  features  wherein 
the  street  car  problem  is  difEerentiated  from  the  steam  road  prob- 
lem should  be  kept  prominently  in  mind.  We  must  remember 
that  the  locomotive  engineer  is  provided  with  a  complete,  expen- 
sive and  somewhat  intricate  apparatus  with  which  to  de-energize 
his  train.  The  periods  of  its  application  are  comparatively 
infrequent,  and  as  to  personal  capabilities,  he  is  schooled  and 
trained  for  years  before  ever  being  allowed  to  touch  either  the 
throttle  or  the  air  valve.  While  working,  his  pressure  gauges 
allow  him  to  adjust  the  brake  application  to  a  nicety.  Moreover,, 
the  time  allowed  for  the  total  retardation  and  final  stopping  of 
his  train  is  usually  very  long  as  compared  with  that  allowed  in 
street  railway  practice. 

Of  the  two,  the  street  railway  problem  is  the  more  exacting, 
and  in  the  hands  of  far  less  experienced  operators ;  and  yet  we 
are  told  that  the  mechanism  involved  in  its  solution  must  bear 
only  a  small  ratio  to  the  cost  of  the  total  equipment.  Owing  to 
the  recently  developed  relation  between  eflfective  braking  and  the 
accident  and  damage  account,  the  purchaser  will  be  spurred  on 
to  careful  investigation  as  to  the  brake  applied  to  his  cars,  and 
will  be  willing  to  spend  suflScient  time  and  money  to  effectually 
control  the  retarding,  as  well  as  the  accelerating  of  the  car.  To  be 
sure,  as  little  expense  should  be  incurred  here  as  possible,  but  enough 
to  fully  meet  the  requirements.  Especially  is  this  true,  now  that 
ample  power  for  applying  the  heaviest  brakes  is  at  hand,  and 
even  if  used  in  a  wasteful  and  extravagant  manner  in  the  largest 
amount  possible,  is  entirely  without  cost,  and  its  means  of  control 
already  at  hand.  The  importance  of  this  proposition  should  at 
once  command  the  attention  of  all,  and  commend  the  problem 
as  such  to  the  engineer. 

Examination  of  accounts  of  the  electric  street  railway  compa- 
nies of  our  large  cities  reveals  the  fact  that  the  item  of  damage^ 
already  very  great,  is  one  of  growing  importance.     Investigation 
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of  the  circnmstances  and  detailed  Btateinents  of  numerous  items 
taken  at  random  from  the  damage  account,  point  at  once  and  iu 
no  uncertain  way  to  the  ineflBciency  of  the  present  hand  brake. 
In  many  instances,  could  the  car  or  train  have  been  stopped 
within  a  comparatively  short  distance,  the  accident  atid  resultant 
damages  would  have  been  entirely  averted.  The  first  investiga- 
tion led  to  others  with  the  same  result,  and  in  consequence  the 
writer  is  prepared  to  show  that  nearly  85  per  cent,  of  the  acci- 
dents directly  occuring,  are  due  to  the  ineflScient  operation  of 
brakes.  The  growing  frequency  of  accidents  and  the  constantly 
increasing  demands  of  the  public  for  damages,  are  indications 
that  have  not  been  made  to  impress  the  mind  of  the  engineer,  or 
1  am  sure  adequate  means  would  have  been  forthcoming  for  the 
<5orrection  of  so  grave  a  fault  inherent  in  all  the  present  systems 
of  power-operated  street  cars.  Some  of  our  municipal  author- 
ities are  taking  action  with  reference  to  the  increasing  frequency 
And  severity  of  accidents,  and  although  no  thoroughly  scientific 
investigation  of  the  matter  has  been  published,  yet  it  is  a  start- 
ling fact  that  with  the  present  hand  brake,  no  electric  or  other 
-equipment  to-day  stands  provided  with  anything  in  the  line  of  an 
emergency  brake.  In  so  grave  and  urgent  a  case,  what  can  be 
done  in  the  line  of  remedy?  The  question  natnrally  arises,  will 
any  system  of  braking  worked  upon  or  in  connection  with  the 
ordinary  wheel  of  a  vehicle  be  sufficient  for  the  stop  required? 
What  is  the  maximum  efficiency  obtainable  by  the  brake  working 
through  the  wheels?  Is  it  sufficient  to  arrest  the  car  before  acci- 
dent in  case  of  emergency?  Can  it  be  made  in  any  event  a 
sufficient  accident  preventer?  The  popular  notion  that  most 
accidents  are  due  to  brake  failure  is  true,  but  in  a  way  that  is 
little  understood,  the  failure  being  one  of  degree.  It  may  not 
be  known  that  under  proper  and  standard  conditions  any  car  or 
train  may  be  brought  from  a  speed  of  10  miles  an  hour  to  abso- 
lute rest  inside  of  10  feet.  It  is  not  generally  appreciated  that 
the  wheel  brake  has  ample  capacity  to  accomplish  this.  The 
former  investigations  of  the  writer  with  reference  to  adhesion 
under  conditions  of  acceleration  and  retardation,  climbing  and 
descending  hills,  afford  ample  proof  that  the  rail  adhesion 
through  the  wheels  gives  the  wheel  brake  more  than  capacity 
sufficient  to  accomplish  this  result.  For  instance,  assuming  any 
weight  and  load,  say  17,000  lbs.,  the  stored  up  energy,  64,426 
ft.  lbs.  can  with  ease  be  dissipated  within  20  ft.  for  the  ordinary 
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equipment,  and  lees  than  half  of  this  distance,  or  a  little  over  9' 
ft.  under  conditions  of  coupled  drivers,  or  if  the  wheels  are  com- 
pelled to  revolve  in  unison.  This  latter  consideration  will  be 
seen  to  have  quite  an  unexpected  as  well  as  pertinent  relation  to 
the  problem.  It  will  be  seen  by  a  glance  at  the  figures  that  the 
center  of  gravity  of  the  mass,  is  far  above  the  wheel  contact 
with  the  rail.  The  retarding  effect  takes  place  on  the  base  line 
in  a  plane  below  that  of  the  center  of  gravity,  really  the  farthest 
projection  downward  of  the  mass  as  a  whole.  A  sudden  stop 
operating  on  this  base  line  tends  to  pitch  the  upper  portion  for- 
ward, bringing  nearly  all  of  the  weight,  and  with  it  the  retard* 
ing  capacity,  upon  the  front  pair  of  wheels.  The  brakes  on  the 
rear  pair  in  the  ordinary  equipment  will  have  but  little  effect ; 
if,  however,  by  any  practicable  method  they  are  coupled  to  the 
forward  drivers,  the  brakes  on  this  rear  pair  still  remain  active 
and  of  full  effect.  This  is  true  even  if  the  back  pair  should  be 
lifted  clear  of  the  track.  With  increased  weight  upon  the  for- 
ward drivers  comes  ample  increased  adhesion,  thus  preserving^ 
the  full  tractive  effort  of  the  total  weight  intact  for  purposes  of 
stop,  which  is  impossible  in  the  ordinary  equipment.  These 
effects  are  all  aggravated  in  case  of  short  wheel  base.  The 
present  tendency  toward  a  longer  wheel  base  is  a  step  decidedly 
in  the  right  direction  and  should  be  encouraged.  The  effect  of 
shifting  the  load  in  reference  to  the  axles  will  be  especially 
noticed  in  descending  hills,  as  shown  in  Fig.  1,  where  the  mo- 
mentum of  the  rapidly  retarded  mass  tends  to  shift  the  load 
centers  still  further  forward,  in  some  cases  almost  wholly  onto 
the  front  drivers.  It  will  be  seen  to  have  a  greater  effect  than 
in  ascending  grades,  where  in  stopping,  the  inertia  tends  to  cor- 
rect the  positir)n  of  the  shifted  load,  whereas  going  down,  in 
stopping,  the  momentum  as  stated  tends  to  still  further  aggravate 
the  condition.  The  practical  effect  of  this  may  be  seen  when- 
ever an  ordinary  street  car  mounted  upon  springs  of  fair  resil- 
ience is  quickly  stopped.  The  car  will  be  seen  to  suddenly  right 
itself,  having  been  pitched  forward  in  the  process  of  stopping, 
(see  Fig.  2)  the  front  springs  being  depressed  and  the  rear 
springs  extended.  These  considerations  all  go  to  show  in  a  new 
light  the  advantages  to  be  derived  from  coupled  drivers  for 
general  street  railway  service. 

Bearing  these  facts  in  mind  let  us  turn  for  an  instant  to  the 
ordinary  hand  brake.     The  ratio  in  the  brake  levers  will  be 
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found  in  the  modern  trucks  to  be  anywhere  from  0  to  Hi, 
avera^ng  about  8^  to  1 .  Tlie  lever  arm  of  the  brake  staff  will 
be  found  to  be  anywhere  from  6  in.  to  13  in.  Assuming  11  in. 
as  the  average,  the  radius  from  the  center  of  the  brake  chain  to  the 
center  of  the  brake  staff  will  be  If  in.,  giving  tlms  6.28  to  1,  or 
a  total  leverage  of  53.4  to  1  from  the  operating  handle  to  the 
brake  beam.  Two  elements  now  have  to  be  assumed.  First, 
the  friction  coefficient  of  the  brake  shoes  acting  upon  chilled 
wheels.  Second,  the  power  upon  the  brake  staff.  The  writer 
has  endeavored  to  cover  both  of  these  unknown  quantities  by 
actual  experiment,  giving  the  results  in  the  tables.  Table  I. 
was  taken  by  a  dynamometer  being  fastened  directly  to  the 
brake  staff  handle  in  line  of  the  pull  of  the  motorman,  a  cast- 
iron  brake  wheel  16  in.  diameter  from  center  to  center  of  a  IJ 
in.  rim  bearing  the  handle.  A  number  of  experienced  motor- 
men  were  invited  to  test  their  strength  upon  this  handle  and 
•careful  readings  were  taken.  It  was  noticed  that  the  right  arm 
of  the  more  experienced  motormen  was  much  more  developed 
than  the  left,  a  fact  which  I  think  has  been  pointed  out  befoi-e. 
The  extent  of  this  development  in  the  forearm  is  certainly  quite 
marked,  showing  that  the  gripping  muscles  and  weight  of  the 
body  are  the  elements  brought  most  into  play. 

TABLE  I. 


No.  of 
motomuuk. 

Weight  of 
motorman 

with  one  hand. 

Jerk  with  both 

hands  on 

hand  wheel. 

Emergency  jerk 
with  both  bands 
on  hand  wheel. 

6 

1 

123 

6o 

26 

4* 
966 

X40 
aoo 
987 
«75 

X70 

«35 

xia 
«35 
M5 
"5 
"5 
»5o 
X50 
X35 
xxo 
"5 
"5 

ICO 

17s 

X35 
"75 
935 
9ia 

245 
aoo 

875 

9 10 

»75 
950 
950 
900 
950 

'15 
385 
319 
98s 
3«o 
300 

350 
3"5 
395 
350 

405 
400 
375 

Av.  X3X.7 

994 

338.83 

*o  year*  in  Mrvice. 

Right  arm,  drcumference  of  forearm,  xa^  in. 

"  biceiM,     14X  " 
Left  arm,               *'            "  forearm,  ixfi  " 

"  biceps.     x^H  " 

Columns  1  and  2  indicate  respectively  the  number  of    the 
motorman  and  his  weight. 
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Column  3  indicates  the  greatest  possible  steady  pull  with  the 
right  hand  od  the  handle,  bringing  into  play  all  possible  weight 
of  the  body. 

Column  4  indicates  the  same  conditions  as  column  3,  the 
motorman  in  this  case  grasping  the  hand-wheel  with  both  hands, 
some  motor  men  using  gloves  to  prevent  their  hands  slipping. 
None  of  the  men  could  maintain  these  values  for  more  than  one 
half  second. 

In  column  5  is  indicated  an  **  emergency  stop."  The  motor- 
men  were  told  to  *'  break  the  machine "  if  possible.  In  this 
test  the  body  was  braced,  sometimes  with  the  knee  against  the 
dasher  rail,  the  needle  registering  the  highest  jerk  usually  given 
with  a  sudden  lunge  of  the  body. 

It  will  be  seen  that  the  power  applied  by  the  steady  pull  of 
the  average  motorman  is  about  131.7,  and  can  be  made  to  run  up 
in  case  both  hands  and  the  weight  of  the  body  are  used,  to  about 
224  average,  but  this  value  caimot  be  maintained.  The  average 
values  of  column  5  cannot  be  used  in  these  calculations,  for  the 
reason  that  although  they  show  the  pressure  it  is  possible  to 
reach  by  jerking  upon  the  hand-wheel,  these  pressures  cannot  be 
maintained  and  therefore  cannot  be  depended  upon  for  braking 
effect.  The  tests  show  that  the  full  power  that  can  be  main- 
tained upon  the  brake  lever  for  a  sufScient  length  of  time  for 
the  purposes  in  hand,  does  not  exceed  an  average  of  180  lbs. 

TABLE  II. 


Speed  reT.  per  minute 
33  in.  wheel. 

Traction. 

CoeiBdent. 

Varying,  150 

900  Iba. 

87.4  lb. 

9.7  per  cent. 

125 

900 

S' 

lo.a 

100 

900 

XI. X 

7? 

.900 

J3-J 

56 

900 

«33. 

1^6 

38 

900 

150.4 

ao 

900 

«S4. 

17.1 

4 

900 

«74.6 

ti 

Conatant,  105 

300 

99.4 

500 

50.5 

10. 1 

750 

91. 

X9. 

xoo 

1150 

V^: 

ZI.2 

1500 

X9. 

94 

aaoo 
3780 

^ 

14.4 

«3.« 

Table  II.  was  obtained  as  shown  in  Fig.  3.  A  brake  shoe  that 
had  been  run  in  service  about  three  or  four  days  was  taken  with 
the  axle  carrying  its  cooperating  wheel,  lifted  out  of  the  truck 
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and  placed  between  the  centers  of  a  lathe,  the  load  upon  the 
brake  shoe  accurately  measured,  and  the  shoe  held  from  move- 
ment around  the  wheel  by  a  dynamometer.  Every  precaution 
was  taken  to  avoid  handling  the  periphery  of  the  wheel  or  the 
face  of  the  brake  shoe,  and  even  the  dust  was  left  upon  it  so  as 
to  conform  as  nearly  as  possible  to  th^  normal  conditions  of 
practice. 

Tracing  our  180  lbs.  application  to  the  brake  beam  with  al- 
lowance for  loss  by  friction,  we  have  3,840  lbs.  applied  to  each 
of  the  two  shoes  which  upon  the  chilled  surfaces  are  found 
under  ordinary  circumstances  by  Table  II.  to  give  a  coefficient 
of  about  12  per  cent.  This  would  give  a  retarding  effect  of  460 
lbs.  which  is  less  than  one-third  that  easily  obtainable  were  the 
power  needful  for  its  application  at  hand.  The  coefficient  under 
these  conditions  must  have  been  about  37  per  cent,  to  realize 
anything  like  the  total  value  of  the  retarding  effect  of  the 
wheel.  This  under  condition  of  chilled  and  glazed  surface  is 
entirely  out  of  the  question,  showing  at  once  the  necessity  of 
power  in  the  application  of  brakes,  if  anything  Uke  their  full 
valne  and  use  is  to  be  obtained.  This  is  also  amply  borne  out  in 
practice,  as  those  who  have  tested  this  point  well  know  that 
under  ordinary  conditions  it  is  next  to  impossible  to  slip  the 
wheels  of  a  motor  car  by  the  hand  brake. 

In  the  electric  brake,  on  the  other  hand,  the  fact  that  the- 
truck  parts  are  not  bound  up  and  locked  into  a  solid  mass  by  the 
enormous  pressures  of  the  heavy  brake  levers  and  shoes  is  found 
to  prevent  racking  and  straining. the  truck  as  well  as  jumping 
the  track  and  curves  when  the  brakes  are  set.  The  axles  and 
truck  parts  are  perfectly  free  for  easy  and  normal  movement 
even  when  the  brake  is  exerting  its  full  power.  Great  reduction 
of  wear  at  the  pedestal  journals  is  also  found,  owing  to  entire 
absence  of  all  of  the  usual  heavy  pressures  of  the  brake  shoes. 
We  can  all  see  that  by  applying  adequate  power  and  control  to 
the  wheel  brake,  this  element  of  the  equipment  may  be  raised 
to  the  position  of  an  indispensable  safeguard,  the  value  of  which 
can  only  be  appreciated  as  its  hitherto  undeveloped  resources  are 
brought  out,  demonstrated,  and  rendered  simple  and  easy  of  ap- 
plication and  control.  In  practice  the  greatest  necessity  for 
maximum  brake  application  exists  at  the  higher  speeds.  From 
Table  II.,  it  will  be  noticed  that  at  just  this  point  the  failure  is 
greatest,  the  coefficients  being  least ;  increasing  as  the  speeds  de-^ 
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crease.  Thifi  has  always  constituted  the  one  grave  fault  of  the 
air  brake  in  railway  service.  The  intensity  of  its  application 
should  be  greatest  when  the  speed  is  greatest,  and  decrease  as 
the  speed  drops  off.  As  will  be  shown  farther  on,  this  point  has 
been  fully  covered  in  the  electric  brake,  which  is  the  first  time 
that  the  varying  application  has  ever  been  embodied  in  practice, 
and  especially  in  such  a  manner  as  to  perform  its  important 
function  automatically. 

A  plan,  especially  one  pertaining  to  electrical  matters,  after 
having  been  proven  mathematically  to  be  feasible,  is  far  from 
being  realized.  Many  are  the  practical  difficulties  to  be  sur- 
mounted before  a  thoroughly  commercial,  or  anything  like  a 
standard  apparatus  has  been  produced.  Especially  is  this  true  in. 
the  electrical  field.  Many  subtle  influences  and  energies  are  at 
work  which  well  nigh  overwhelm  the  experimenter.  In  a  new 
field  but  few  precedents  are  at  hand,  and  these  are  apt  to  be  ex- 
tremely unreliable  and  in  the  nature  of  a  blind  leader  of  the 
blind.  The  practical  application  of  the  electric  brake,  although 
probably  no  exception  to  the  general  rule,  amply  illustrates  the 
wide  distance  to  be  spanned  between  the  conception  of  the  idea 
and  the  commercial  apparatus  itself.  For  years  the  writer  has 
believed  that  electricity  was  vastly  preferable  to  any  other  force 
for  the  application  and  control  of  brakes.  Working  first  on  the 
solution  of  the  continuous  brake  problem  for  railway  trains,  he 
built  his  first  electric  brake  apparatus  in  '82  and  has  studied  and 
experimented  on  the  problem  in  its  various  phases  almost  con- 
tinuously since  that  date,  with  more  or  less  encouragement  in  the 
line  of  substantial  progress.  As  to  its  application  to  electric 
cars,  the  apparatus  was  successfully  applied  on  some  double  truck 
cars  in  Illinois,  one  of  these  cars  weighing  as  much  as  12  tons. 
The  first  equipment,  similar  to  that  shown  in  Fig.  4,  was  con- 
structed some  five  years  since.  This  apparatus  has  been  con- 
stantly undergoing  alterations  and  been  experimented  with,  until 
for  the  past  18  months  a  constantly  increasing  number  of  electric 
cars,  equipped  with  it,  have  been  in  regular  service,  some  oF 
these  running  with  change  of  motormen  on  each  of  13  daily 
trips,  the  same  motorman  having  the  car  once  in  about  three 
days,  making  it  impossible  for  the  men  to  become  familiar  with 
the  operation  of  the  brake.  During  this  time  one  car  has  made 
upwards  of  70,000  miles,  hauling  a  trailer  about  48,000  miles, 
during  some  special  weeks  of  test,  making  from  178  to  220  miles 
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daily.  It  is  only  under  such  rigorous  conditions  of  actual  opera- 
tion that  rapid  progress  can  l)e  made  in  reduction  to  practice. 
All  machinery  or  apparatus  must  pass  this  ordeal  successfully 
before  it  can  be  brought  into  thoroughly  commercial  shape. 

At  the  mention  of  electric  brakes  the  engineer  at  once  admits 
that  they  should  be  entirely  feasible,  and  u.snally  adds  that  there 
is  plenty  of  electrical  energy  at  hand  from  the  central  station  to 
retard  and  control  as  well  as  to  propel  the  car.  This,  however, 
is  not  the  method  nndertaken  by  the  writer.  To  employ  the 
central  station  current  for  operating  the  brakes  would  be  to  limit 
very  materially  their  usefulness  and  certainty  of  operation.  The 
braking  current,  although  used  at  comparatively  infrequent  in- 
tervals, and  then  only  for  a  short  period,  should  for  this  reason 
be  absolutely  certain  and  unfailing  in  its  action,  and  not  subject 
to  any  "  heart  failure  "  of  the  central  station,  or  sudden  cessation 
caused  by  the  opening  of  the  circuit  breakers,  the  interruption 
of  the  line,  the  flying  off  of  the  trolley,  failure  of  the  fuse,  or 
failure  at  other  more  or  less  vulnerable  points.  The  electric 
brake  under  discussion  has  been  operated  over  a  year  on  equip- 
ment upon  different  roads,  from  electricity  generated  indepen- 
dently of  the  trolley  connection,  the  braking  current  not  being 
derived  from  the  central  station  but  produced  by  the  power  of 
the  moving  car,  which  power  it  is  desired  to  get  rid  of,  or  destroy. 
The  brake  thus  operates  equally  well  with  the  trolley  off,  and,  as 
will  be  understood  from  the  following  description,  the  trolley 
current  has  nothing  at  all  to  do  with  the  car  while  the  brake  is  be- 
ing operated,  except  possibly  to  maintain  the  light  circuit.  The 
electric  brake  at  the  same  time  is  entirely  independent  of  the 
hand  brakes,  which  may  or  may  not  be  present  upon  the  equip- 
ment. The  braking  action  being  altogether  independent  of  the 
ordinary  brake  shoes,  it  is  not  found  necessary  to  employ  them  in 
connection  with  the  electric  brake,  although  in  the  earlier  forms 
they  were  used,  and  in  the  case  of  trail  cars,  especially  in  heavy 
service  and  on  grades,  some  engineers  prefer  to  use  them  at  the 
present  time,  in  connection  with  apparatus  such  as  shown  in 
Fig.  4.  Th\i  current  employed  by  the  writer  for  operating  the 
brakes  is  developed  by  automatically  turning  the  motor  or  motors 
into  generators.  As  these  are  driven  forward  by  the  moving  car 
they  develop  current  which  is  controlled  as  to  intensity  by  the 
starting  rheostat  of  the  car.  The  braking  current  is  thus  pro- 
duced at  the  expense  of  the  mechanical  energy  stored  up  in  the 
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moving  car,  which,  being  consumed  causes  a  retardation  and  final 
stopping  of  the  mass  as  a  whole.  The  current  so  generated 
may  be^furthermore  led  through  a  brake  magnet  as  above  seen, 
to  apply  the  brake  shoes ;  it  may  arrest  the  motion  of  the  car 
direct  by  ^magnetic  adhesion,  or  develop  heavy  retarding  currents 
in  the  moving  metallic  mass  by  magneto-induction.  When  an 
active  local  circuit  is  used,  the  latter  method  is  usually  employed 
for  reasons  which  will  be  made  more  apparent. 

In  developing  this  system,  the  point  which  seemed  fraught 
with  the  most  diflSculty,  and  which  has  finally  received  the 
simplest  solution  of  any  in  connection  with  the  problem,  was 
that  of  obtaining  always  and  with  absolute  certainty,  sufficient 
current  at  the  lowest  speeds  without  the  aid  of  the  trolley  cur- 
rent. Teaser  coils  were  at  intervals  resorted  to,  maintaining 
connection  with  the  trolley  circuit.  "Artificial  teasers"  were 
also  used,  being  a  device  by  means^of  which  the  trolley  circuit 
was  entirely^done  away  with,  and  which  worked  well.  Observa- 
tions made  from  time  to  time  in  connection  with  these  experi- 
ments led  to  an  exhaustive  investigation  of  residual  magnetism, 
in  consequence  of  which,  stnictural  means  were  adopted  to 
utilize  to  the  full,  the  residual  magnetism  of  the  motor.  This 
supply  is  constantly  being  renewed  with  every  energizing  of  the 
car.  This  method  was  found  to  be  the  simplest  as  well  as  the 
most  eflfective.  The  connections,  and  in  fact  the  whole  arrange- 
ment of  the  electric  brake  upon  the  car,  is  extremely  simple. 
This  is  shown  by  the  fact  that  only  one  small  extra  wire  needs  to 
be  run]|to  the  controller  in  addition  to  the  ordinary  wiring  of  the 
standard  Jequipment  without  the  electric  brake.  The  certainty 
of  operation  is  evinced  by  the  fact  that  at  present  writing,  over 
150  of  the  equipments  have  been  placed,  which  are  making  up- 
wards of  10,000  miles  daily  in  regular  service.  Early  in  the 
experimentation  a  phenomenon  was  observed  in  reference  to  the 
persistence  of  the  current  even  after  the  motor  had  stopped. 
This  is  due  to  the  slow  action  of  the  decreasing  magnetization, 
taken  together  with  the  reaction  or  self-induction  effect  of  the 
fields,  and  any  brake  coil  or  coils  that  may  be  in  the  circuit.  The 
movement  of  the  magnetic  lines,  which  persist  after,  and  in  fact 
long  after  the  motion  of  the  motor  has  ceased,  generates  poten- 
tial. In  many  instances  it  is  possible  to  draw  an  arc  from  the 
rupture  of  the  brake  circuit  one  second  after  the  motion  has 
ceased,  showing  the  presence  of   current  in   the  local   circuit. 
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Fig.  5  has  been  developed  from  the  average  stop  to  show  the 
curve  of  current  in  reference  to  the  motion,  the  black  line  in- 
dicating the  period  of  motion  during  the  application  of  the 
brake,  and  the  curve  indicating  the  current  intensity  and  its 
duration.  The  current  flowing  after  motion  ceases,  though  small, 
is  found  exceedingly  useful  in  holding  the  car  from  starting 
itself,  even  on  quite  a  heavy  grade,  as  only  a  small  quantity  of 
energy  added  to  the  already  great  friction  of  quiescence  will  pre- 
vent the  car  from  starting.  This  persistency  of  current  is  also 
found  useful  to  kill  or  destroy  the  magnetism  of  the  brake  mag- 


Fig.  1. 

net,  in  case  it  is  desired  to  suddenly  move  the  car  forward  again. 
The  tendency  on  the  part  of  the  windings  at  the  moment  of  rup- 
ture to  generate  an  opposing  e.  m.  f.,  tends  to  suddenly  free  the 
magnet  from  its  face,  a  purely  accidental  feature,  which  is  of 
great  value  and  utility  in  this  connection.  The  wonderful  energy  of 
the  withdrawal  of  the  lines  of  force,  being  in  its  manifestations  a 
phenomenon  of  magnetic  viscosity,  is  illustrated  by  the  following 
fact :  With  a  perfectly  dry  track,  a  great  force  is  required  to 
shear  the  adhesion  and  start  the  wheels  slipping.  A  car  going 
down  a  grade  under  these  conditions  where  no  brake  magnets 
are   present,  will,  with  a  sudden  application  of  the    electric 
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brake,  generate  sufficient  current  to  not  only  arrest  the  motion  of 
the  wheels,  but  start  them  going  in  the  opposite  direction,  the 
reverse  motion  being  maintained  through  an  interval  truly 
remarkable,  in  some  instances  running  as  high  as  one  and  one- 
half  seconds.  It  will  be  borne  in  mind  that  all  the  above 
phenomena  are  entirely  independent  of  the  central  station  cur- 
rent, the  trolley  connection  having  been  severed  before  the  brake 
is  applied. 

The  current  required  to  be  developed  to  stop  a  car  when  no 
other  braking  apparatus  is  used,  is  found  to  be  only  a  fraction  of 
that  required  to  accelerate  the  car  in  the  same  interval.  This  may 
be  easily  illustrated  by  the  lines  in  diagram  Fig.  6,  a  being  the 


•y  ^      ^  ^ 


Fig.  2. 


electrical  energy  applied  in  a  given  acceleration ;  b  the  resulting 
mechanical  energy  stored  in  the  car  after  deducting  all  the  wastes 
in  the  motor,  and  between  the  motor  and  the  momentum  ;  o  the 
average  mechanical  energy  in  the  car  at  the  time  of  applying  the 
brake;  d  being  the  electrical  energy  required  to  be  developed  for 
retardation  after  the  efficiency  losses  have  all  been  provided  for 
out  of  the  quantity  o.  Thus  it  will  be  seen  that  the  so-called 
efficiency  losses  act  in  a  two-fold  sense,  between  a  and  b  and 
between  o  and  d,  to  reduce  the  amount  of  current  required  to  be 
generated  for  braking  purposes. 

As  to  the  eflfect  of  the  electric  brake  on  the  the  total  temper- 
ature of  the  motor  the  following  experiments  were  made.     A  car 
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and  trailer  were  operated  over  the  line  in  regular  service  41.1 
miles  witliont  the  brake.  The  atmospheric  temperature  was 
noted  every  half-hour  during  the  test,  and  the  temperature 
carefully  taken  of  all  parts  of  the  motor  at  the  end  of  the  run. 
The  succeeding  day  a  similar  run^was  made  with  the  same  trailer 
over  the  same  track  and  in  the  same  length  of  time,  but  with  the 
electric  brake  in  use,  braking  direct  on  the  simple  local  circuit 
without  brake  magnets.  The  difference  in  the  average  atmos- 
pheric temperatures  during  the  two  days  was  six  and  one-half 
degrees,  and  the  difference  in  the  average  temperature  of  the  motor 
parts  was  seven  degrees,  making  only*a  difference  of  one-half  of 
one  degree  Centigrade  as  the  total  increase  of  temperature  from 
the  use  of  the  brake.     Observations  in  reference  to  the  heat  in  the 
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rheostat  were  made,  although  no  temperatures  were  taken,  and  no 
difference  could  be  observed  in  reference  to  the  heating  of  this  por- 
tion of  the  equipment.  The  explanation  will  be  found  in  the  com- 
paratively small  amount  of  current  as  seen  above,  and  the  relative 
infrequency  of  its  application,  and  short  duration  at  the  time  of 
each  application.  The  following  wattmeter  readings  have  also 
been  taken  : 

ist  Trip.  and  Trip  Trailer. 

Reading  of  wattmeter,  leaving  Lake  View,  392,538.9  392,542.25 

Reading  of  wattmeter,  end  of  round  trip. .  .892,542.25  392,547.1 

Number  of  full  stops 55  53 

Number  of  slow-ups 42  37 

Time 1:40  .    1:35 

Difference  in  reading 3  35  4.85 

Constant  of  wattmeter  equals  **  22  " ;  total  watts  both  trips,  180.4. 
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Diagram  No.  7  indicates  the  connection  of  the  wattmeter  in 
the  circuit. 

Automatic  resistances  were  even  at  one  time  used  in  the  endeavor 
to  relieve  the  motorman  of  aU  responsibility  in  connection  with 
the  control  in  applying  the  brake,  but  superlative  simplicity  was 
foand  to  be  much  more  desirable  than  the  superlatively  auto- 
matic,  and    the  automatic  devices   were    seen   to  be   entirely 


Fig.  4. 


unnecessary,  the  apparatus  as  at  present  constructed  being  of 
great  simplicity. 

The  diagram  of  the  braking  current  in  Fig.  5,  shows  the  auto- 
matic decrease  in  the  intensity  of  the  brake  application  so 
desirable  with  the  decreasing  speed  referred  to  above.  As  the 
speed  decreases,  the  generator  runs  more  slowly  and  consequently 
produces  less  and  less  current. 

With  this  style  of  brake,  the  life  of  the  wheels  is  increased 
from  two  to  three-fold,  thus  affording  a  saving  in  the  item  next 
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in  cost  to  the  electric  mainteDance  itself,  to  say  nothing  of  the 
entire  saving  in  brake  shoes.  This  is  emphasized  in  the  fact  that 
the  brake  shoes  are  being  constantly  besmeared  with  sand  and 
grit  thrown  from  the  wheels,  and  when  in  this  condition,  they 
are  brought  against  the  wheels  with  the  tremendous  pressures 
noted  above.  A  better  method  could  hardly  be  devised  for 
reducing  both  wheel  and  shoe.  We  little  realize  the  great 
number  of  brake  applications  necessary  Sn  a  day's  run.  Careful 
record  has  been  kept  of  this  point,  giving  in  three  days  an 
average  of  1377  brake  applications  per  day  for  a  run  of  about 
164  miles. 

Another  interesting  feature  in  this  connection  is  that  a  flat 
wheel  from  skidding  is  an  impossibility.  It  will  readily  be  seen 
that  should  the  wheels  stop,  the  generator  connected  with  the 


Fig.  5.  Fig.  6. 

axles  ceases  to  produce  current,  and  none  therefore  exists  to 
farther  apply  the  brake,  and  though  they  may  be  sliding  forward 
on  the  rail,  yet  the  wheels  continue  to  rotate  more  or  less,  and 
constantly  present  new  surfaces  for  the  sliding  contact 

The  braking  action  is  two-fold  and  is  especially  efficient.  The 
rotating  armature  of  the  motor,  instead  of  tugging  ahead  by  its 
momentum,  is  itself  pulling  back,  and  more  or  less  powerfully 
braking  the  car  through  the  gears  by  the  retarding  effort  of  the 
magnetism  of  its  field  while  generating  the  braking  current.  The 
power  required  therefore  to  perform  this  work  is  taken  from 
energy  of  the  moving  car  which  it  is  desired  to  destroy ;  not  only 
is  the  car  thus  retarded,  but  the  electric  brakes  arrest  the  motion 
of  the  wheels  direct,  with  u  force  that  is  remarkably  powerful 
and  under  perfect  control  of  the  motorman. 
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Two  forms  of  braking  magnets  are  used,  one  for  winding  up  a 
brake  chain  nsiially  employed  in  connection  with  the  trailer, 
shown  in  Fig.  4,  and  another  for  directly  arresting  the  motion  of 
the  axles,  one  magnet  only  being  used  in  connection  with  each 
Axle,  as  shown  in  Figs.  8,  9  and  10.  These  magnets  are  truck- 
mounted,  not  an  ounce  of  their  weight  being  directly  on  the  axle, 
And  are  so  supported  that  their  gravity  acts  to  automatically 
retract  them  from  the  brake  face,  see  Figs.  10  and  11,  the  latter 
showing  the  link  standing  out  of  the  vertical.  The  brake  face  is 
automatically  lubricated  to  a  slight  degree,  receives  a  high  polish 
And  does  not  cut  or  rapidly  wear.     The  brake  is  noiseless  in  its 


wmk-^ 


Fig.  7. 


operation.  It  will  be  seen  from  the  cuts,  that  inasmuch  as  it  does 
not  revolve,  no  commutating  or  contact  device  is  necessary.  Its 
•cresicent  form  accomplishes  important  technical  functions  and 
also  eliminates  the  necessity  of  pulling  oflE  a  wheel  for  its  attach- 
ment, removal  or  inspection.  The  brake  is  shown  in  position  on 
track  in  Fig.  12.  Its  face  is  solid  unbroken  metal  with  no 
grooves  or  interstices  for  catching  grit  or  sand,  which  in  part 
explains  the  absence  of  wear  above  referred  to.  The  brake  mag- 
net is  practically  indestructible,  a  few  turns  of  stout  wire 
constituting  its  one  coil  entirely  enclosed  and  sealed  in  metal. 
No  harm  nor  moisture  can  reach  it.  As  to  moisture,  it  is  im- 
material, as  the  E.  M.  F.  at  which  it  works  is  extremely  small, 
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seldom  reaching  six  volts.  The  lubricator  for  the  brake  surface 
is  dly,  not  sticky  or  adhesive,  and  does  not  gather  sand  or  dirt 
and  retain  it  upon  the  braking  face.  No  mechanical  pressures 
whatever  are  employed  to  arrest  the  car,  and  hence  no  strain  or 
shoulder- wear  comes  upon  the  journals.  In  constructing  the 
brake  magnets  their  proportions  and  the  arrangement  of  the 
magnetic  circuits  received  considerable  study.     It  was  during 


Fig.  8. 


some  preliminary  experiments  that  an  unexpected  phenomenon 
was  noticed  ;  namely,  that  the  retarding  effect  when  speed  is  an 
element,  is  very  much  more  than  would  have  been  expected  from 
the  co-efficient  of  friction  due  to  magnetic  attraction  or  adhesion,, 
this  latter  being  a  known  and  definite  quantity.  Farther  experi- 
ment, made  to  ascertain  the  cause,  showed  it  to  be  due  to  Foucault 
or  eddy  currents  set  up  in  the  masses.  The  conditions  and 
structure  of  the  brake  magnet  were  therefore  varied  in  a  number 
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of  particulars,  especially  such  as  would  be  expected  to  give  the 
greatest  result  in  Foucault  currents  produced.  The  result  wa& 
inamediately  successful.  It  was  found  that  the  retarding  eflEectof 
the  brake  magnet  is  due  very  much  more  to  the  generation  of 
these  currents  than  to  the  direct  effect  of  the  coefficient  of  fric- 
tion resulting  from  direct  magnetic  adhesion,  the  amount  of 
which  I  iind  can  be  relied  on  accurately  when  employed  by 
itself.  Some  of  the  forms  of  brake  magnets  experimented  with 
were  provided  with  numerous  poles  of  opposite  polarity,  which 
were  worked  upon  three   different   kinds   of  armature,  two  of 


Fni.  9. 

which  had  radial  teeth  of  different  number  relative  to  those  in 
the  magnet,  and  one  being  a  plain  disk  armature.  The  toothed 
armature,  while  it  causes  a  series  of  sudden  jerks  and  is  also  un- 
satisfactory in  the  total  retardation  resulting  from  a  given  input 
is  found  also  upon  rupture  of  the  magnetic  circuit  to  impart  to 
the  magnet  coil  certain  counter  e  m.  f  's  which  materially  cut 
down  the  current  supply  and  thus  the  capacity  of  the  device.  A 
magnet  formed  of  a  continuous  disk  v/ith  an  annular  groove 
sunk  in  its  face,  is  found  to  give  very  satisfactory  results,  but  is 
much  heavier  and  requires  an  armature  twice  as  heavy  for  a  given 
number  of  lines  as  the  double  circuit  magnet  shown  in  the  tigures. 
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Furthermore,  the  relative  rotation  between  such  a  magnet  and 
its  armature  affords  no  point  in  the  masses  where  the  lines  are 
interrupted  or  changed,  and  the  Foucault  currents,  or  reactionary 
•effect  set  up.  is  very  much  inferior  to  tho?e  in  a  magnet  where  a 
gap  or  cessation  of  magnetic  stress  is  continuously  produced.  As  a 
result  of  these  investigations  the  crescent  form   shown  in   the 


Fig.  10. 


figures  has  been  adopted,  the  opening  in  the  crescent  giving  the 
effect  referred  to,  as  well  as  affording  an  excellent  method  of 
attachment  and  removal  of  the  brake  magnet,  and  at  the  same 
time  supplying  a  gap  for  easily  reaching  the  face  for  inspection 
and  lubrication.  A  lubricator,  see  Figs.  8  and  J>,  is  shown  as 
occupying  this  space.     The  belief  that  the  extra  retarding  phe- 
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nomenon  is  that  of  Foucault  or  other  eddy  currents  is  borne  out 
by  the  fact  that  a  conducting  lubricant  such  as  graphite  is  found 
to  considerably  increase  the  effect,  also  metal  filling  between  the- 
polar  faces  is  almost  indispensable  for  the  best  result,  while  at  the 
same  time  effectually  protecting  the  coil  from  all  damage. 
These  observations  would  seem  to  indicate  that  the  eddy  currents, 
however  produced,  circulate  in  both  masses  near  the  surface, 
and  traverse  back  and  forth  across  the  air-gap  whenever  ample 
provision  is  made  to  allow  them  so  to  do.  The  practical  value 
of  the  combined  action   of  all  these   forces  in   increasing  the 


Fig.  11. 

retarding  effect,  results  in  necessitating  but  a  small  magnet,  and 
a  smaller  current  expenditure  considering  the  work  performed. 

By  reference  to  Table  III.,  the  result  in  retardation  gained* 
through  the  eddy  or  other  currents  may  be  plainly  seen,  columu- 
A  indicating  the  retarding  effect  which  should  be  expected  from- 
a  friction  coefficient  of  10  per  cent,  between  the  lubricated  sur- 
faces due  to  magnetic  attraction  of  the  lines  actually  circulating ; 
and  column  b  indicating  the  values  of  retardation  actually 
obtained  on  the  dynamometer. 

That  the  important  positions  and  trying  circumstances  under 
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TABLE  III. 


Amperes. 

Voltt. 

5 

I 

9 

1.8 

95 

1.9 

15 

3- 

i6 

32 

ao 

4- 

23 

4.6 

35 

5- 

31 

6.2 

35 

7. 

355 

l^ 

4» 

85 

Pull  due  to  magnetic 

adhesion  or  traction. 

Friction  ooefiiclent 

10  per  cent. 


Pull  on  bra^e  chain 

obtained 
Graphite  lubrication. 


7.6  lbs. 
36.4 

158.4 
167. 
186. 
207. 

213- 

214. 

223. 


195  lbs. 

608 
1976 
2432 
2584 

aj^ 
3040 
.■»385 
3490 
3500 
3650 


The  assumed  values  are  ba  ed  on  a  traction  of  3B.96  lbs.  per  square  inch  for  45  000  lines 
per  square  inch,  being  the  assumed  values  at  the  knee  of  the  curve  easily  recognized  as  occur- 
ring between  x6  and  20  amperes  in  the  table. 


which  the  niotorman  often  labors  are  appreciated,  may  be  seen  by 
the  space  devoted  to  it  in  the  daily  press.  An  editorial  in  an 
evening  paper  reads  thus  : 

"One  trembles  to  think  what  ccnnequences  may  follow  if  a 
''  motorman  gets  rattled  or  has  a  fainting  fit  when  trying  to  wind 
"  up  his  hand  brake  in  time.  Muscles  grow  weary  and  relax  at  a 
"  critical  time.  Even  when  a  man  is  in  fine  working  condition,  the 
"  strain  upon  him  is  severe  when  compelled  to  handle  tlie  grip 
"  lever  or  current  controller  and  hand  brakfc  simultaneously." 

As  to  the  arrangement  for  application  and  control  of  the 
brake  by  the  motorman,  about  a  year  ago  the  writer  made  the 
following  statement : 

*'  Considering  the  inexperience  of  the  operator  and  the  respon- 
sibility which  at  times  well  nigh  overwhelms  him,  I  think  that,  as 
engineers,  we  should  be  willing  to  set  a  very  iiigli  mark  to  be 
attained  in  the  ideal  brake  for  electric  street  railway  service, 
namely :  the  use  of  but  a  single  controlling  handle  far  every- 
thing /  starting,  accelerating,  retarding  and  braking  the  trailer, 
or  trailers  and  all.  Let  the  motorman  have  nothing  to  think  of 
except  one  handle,  and  two-thirds  of  the  accidents  now  occurring 
will  be  prevented.  Let  this  handle  require  no  more  exertion  in 
its  operation  than  the  present  controlKng  handle.  Let  the  motor- 
man  fulfil  his  function  with  as  little  physical  exertion  as  possible; 
he  will  then  have  a  greater  reserve  for  mental  application  when 
necessary.  A  motorman  required  to  exert  an  enormous  amount 
of  brute  force,  constantly  grinding  at  the  brake,  has  but  little 
life  left  to  apply  in  case  of  emergency.  I  agree  with  a  prominent 
writer  on  this  subject,  where  he  says  that  a  multiplicity  of 
handles  is  fatal  in  time  of  emergency." 
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At  the  time  the  above  was  written,  equipments  controlled  as 
therein  set  forth,  namely,  by  the  use  of  a  single  c&ntroUmg 
handle  for  e^erything^  had  been  in  operation  for  upwards  of  a 
year.  The  methods  employed  for  accomplishing  this  have  been 
varied,  but  the  form  most  in  use  at  the  present  time  is  that  shown 
in  Fig.  13,  where  the  resistance  contacts  are  employed  in  a  two- 
fold manner ;  the  controller  handle  is  made  to  operate  back  and 
forth  over  the  same  contacts  for  controlling  both  the  application 
of  the  current  to  the  motor  and  braking  the  car.     A  self-correct- 


FiG.  12. 


ing  and  interlocking  device  is  also  provided,  shown  at  a,  a', 
Fig.  14,  so  if  the  motorman  does  not  throw  the  handle  clear  over, 
the  transformation  is  completed  automatically  before  the  move- 
ment of  the  lever  can  reach  the  operating  contacts. 

At  one  point  where  a  number  of  equipments  were  started  last 
summer  a  newspaper  correspondent  described  the  operation  of 
the  brake  as  follows : 

''  The  connecting  beam  was  taken  from  the  trolley  wire  several 
^'  times  and  the  car  brought  to  a  sudden  stop  witn  the  electric 
"  brake  alone,  within  three-quarters  of  a  car  length.     And  it  was 
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*^  not  a  sharp,  jerky  stop,  but  something  as  if  the  car  had  run 
"  into  a  big  feather  tick." 

The  smoothness  of  even  a  sudden  stop  by  the  electric  brake  ia 
quite  aptly  described  by  this  droll  statement.  It  seems  as  though 
the  car  was  running  into  an  air  cushion. 

It  will  thus  be  seen  that  tlie  brake  is  automatic  and  does  ita 
work  without  any  special  act  or  even  the  knowledge  of  the 


Fig.  18. 

motorman.  He  simply  works  a  single  handle  back  and  forth 
and  electricity  "does  the  rest."  Suppose  the  motorman  wishes, 
to  stop  his  car,  he  turns  off  the  current  by  simply  swinging  the 
lever  over  to  the  right.  This  operation  is  made  to  automatically 
convert  the  motor  into  a  special  dynamo  for  generating  currents 
at  very  low  speeds,  and  also  simultaneously  to  cut  off  all  connee-^ 
tion  with  the  trolley  current.  The  brakes  are  then  applied  by  sim- 
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Fig.  14. 
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ply  swinging  the  handle  back  over  the  path  it  has  just  traversed ; 
the  farther  it  is  swung  to  the  left,  the  stronger  the  brakes  are 
applied.  The  act  of  releasing  or  letting  off  the  brakes  again 
automatically  re-establishes  connection  with  the  trolley,  and  re- 
converts the  dynamo  into  a  motor.  Fig.  15  shows  the  switches 
used  in  part  for  the  conversion  of  the  motor,  and  also  the  finger 
F  mounted  upon  the  lever  forming  a  part  of  the  alternate  stroke 
operating  device.  The  trolley  brake-switch  b  is  shown  open  in 
Fig.  14  and  closed,  with  dimensions,  in  Fig.  16.  The  same  rheo- 
stat and  contacts  are  applied  to  control  the  motor  while  running 
the  car,  and  also  to  control  the  slight  amount  of  current  gene- 
rated by  the  transformed  dynamo  which  is  suHicient  to  brake 
the  train. 


Fig.  16. 

The  motorman  cannot  turn  on  the  current  before  the  brakes 
have  been  released,  nor  can  he  apply  the  brakes  before  the  cur- 
rent has  been  turned  off.  This  is  a  result  of  construction,  and 
constitutes  a  feature  of  merit  in  the  new  electric  brake,  eflfecting 
an  economy  in  current  and  a  saving  in  wear  and  tear.  Freeing 
the  conductor  of  all  care  in  this  connection,  and  leaving  the 
braking  of  the  train — including  trailer  or  trailers  and  all — 
solely  in  the  hands  of  the  motorman  by  placing  at  his  command 
a  power  with  which  he  may  with  the  utmost  ease  accomplish 
his  task,  constitutes  an  important  advance  in  the  art  of  control  of 
electric  railway  equipment. 

It  has  been  found  that  the  electric  brake  is  practically  incapable 
of  abuse  by  any  motorman,  an  advantage  which  never  before  has 
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been  attained  in  any  power  brake,  due  to  the  fact  above  named^ 
that  no  amount  of  over-application  can  cause  flattening  of  the 
wheels,  or  any  Iiarm  whatever  to  any  part  of  the  equipment 
through  their  locking  and  skidding. 

The  application  of  the  brake,  its  regulation  and  also  the  run- 


Fig.  16. 

ning  of  the  car,  all  by  a  single  operating  handle,  is  a  result  that 
has  only  been  accomplished  by  the  closest  application.  It  has 
involved  much  pioneer  work,  and  been  rendered  possible  through 
the  use  of  new  mechanical  movements  original  with  the  writer. 
The  principal  moving  parts  are  simple  and  durable,  being  only 
two  in  number.     The  arrangement  may   be   easily   seen  in  the 
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controller  and  parts  exhibited,  ae  well  as  in  Figs.  14,  15  and  16. 
The  various  portions  of  the  controller  have  been  subjected  to  the 
sevei'est  tests  possible,  one  test  made  in  '93  consisting  in  518,700 
consecutive  brake  applications  without  appreciable  wear,  the 
parts  being  in  regular  service  at  the  present  time.  An  indicator 
at  the  right  side  of  the  controller  at  the  top  (see  i  Figg.  18  and 
14)  shows  when  the  controller  is  in  condition  for  brake,  or  is 
being  so  used. 

Operating  the  brake  in  this  manner,  it  will  at  once  be  seen 
that  the  system  is  one  of  the  utmost  certainty  of  operation, 
surer  even  than  the  hand  brake,  air  or  other  |X)wer  biake,  from 
the  fact  that  every  time  the  car  runs,  the  motor,  which  is  depended 
on  for  the  braking  action,  receives  a  test,  and  its  fitnees  and 
capacity  for  the  next  brake  application  is  constantly  being 
demonstrated.  On  the  other  hand,  the  motonnan  never  knows 
whether  his  hand  brake  is  sure  to  operate  when  called  upon  for 
the  next  application.  An  accident  came  under  the  observation 
of  the  writer  on  Case  avenue  hill,  in  Cleveland.  Here  tlie  lai§t 
hand  brake  application  was  successful  in  every  way,  but  l)efore 
the  brake  was  called  into  action  again,  a  nut  dropped  off  from  a 
brake  rod  upon  the  truck,  rendering  the  l)rake  useless.  The 
motonnan  continued  to  wind  on  his  brake  staff,  and  before  he 
realized  what  the  trouble  was,  his  car  was  going  at  a  tremendous 
speed  into  a  short  curve  at  the  foot  of  the  hill.  There  were 
a  number  of  casualties  and  also  six  demands  ^for  damages  as  a 
result.  With  the -air  or  other  power  brake,  this  liability  to  fail- 
ure is  increased  in  direct  proportion  to  the  complexity  and 
number  of  parts. 

•The  advantages  found  to  result  from  the  practical  use  of  the 
electric  brake  as  compared  with  former  brake  systems ;  its  quali- 
ties as  an  accident  preventer,  as  well  as  its  general  commercial 
value,  may  be  recapitulated  as  fpllows : 

1.  The  certainty  of  its  operation. 

2.  The  enormous  power  at  instant  command  and  under  perfect 
control. 

3.  The  absence  of  all  power  absorption  at  moneyed  cost  from 
the  central  station. 

4.  Its  high  efficiency,  being  far  superior  to  compressed  air ; 
amply  proven  in  numberless  instances  where  electricity  has 
replaced  air.  (Tlie  air  requires  a  direct  application  of  energy, 
amounting  to  an  immense  aggregate  power-alisorption  daring  the 
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day  from  the  central  station;  the  working  parts  of  the  air 
machinery  are  attached  to  the  car  axles  and  require  a  large  quan- 
tity of  energy,  not  only  while  compressing,  but  at  other  times  as 
well.) 

5.  Its  extreme  simplicity. 

6.  Observed  saying  in  wheels,  two  to  three-fold. 

7.  Entire  saving  in  brake  shoes. 

8.  Lubrication  of  brake  face ;  very  little  wear  of  either  wheel 
or  magnet. 

9.  Absolute  silence  of  operation  and  release.     (No  hissing  to 
frighten  horses  on  streets.) 

10.  The  low  E.  M.  F.  at  which  it  operates. 

11.  The  ease  of  its  application  and  control. 

12.  Conserving  strength,  and  prolonging  the  usefulness  and 
life  of  the  motormen. 

13.  The  smoothness  of  its  operation. 

14.  The  fact  that  its  use  cannot  cause  flat  wheels. 
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Discussion. 

The  Chairman  : — I  consider  Mr.  Sperrj^'s  paper  verynmpor- 
tant,  as  all  electrical  en^^neers  must  feel  it  lias  been  a  reproach  to 
our  profession,  that  electric  cars  have  killed  so  many  people  in 
the  last  few  years.  In  fact,  such  accidents  have  been  much  more 
fatal  than  those  due  to  the  direct  effect  of  the  electric  current; 
that  is  to  say,  the  number  of  persons  killed  by  electric  current, 
strictlv  speaking,  is  probably  far  less  than  those  killed  by 
electnc  cars  which  were  not  stopped  in  time.  It  seems  to  me 
that  anything  in  the  direction  of  alleviating  this  trouble  is 
welcome,  and  something  which  seems  to  be  so  effective  as  this, 
is  particularly  welcome.  Discussion  of  the  paper  is  now  in 
order. 

Mr.  Joseph  Wetzler  : — I  would  like  to  ask  Mr.  Sperry  if  he 
has  noticed  any  additional  wear  on  the  teeth  of  the  gear,  due  to 
the  action  of  the  brake  ?  In  ordinary  braking  by  hand,  when 
the  current  is  shut  off  the  wear  practically  ceases.  But  with  the 
motor  acting  as  a  generator,  the  teeth  would  again  come  into 
action,  the  wear,  of  course,  being  on  the  opposite  flanks  of  the 
gear  teeth. 

Mr.  Sperry: — In  response  to  the  gentleman's  question  I 
would  say  that  we  have  noticed  no  wear  whatever,  and  the  rea- 
son for  it  is  this,  and  it  is  made  quite  apparent  in  Table  III.  If 
you  will  notice,  in  this  table  the  currents  mentioned  are  really 
the  currents  used  in  the  braking  application,  and  they  hardly 
more  than  consume  the  stored  up  energy  of  the  moving  masses 
of  the  motor.  You  can  see  that  the  watts  delivered  to  tlie  brake 
are  very  small  indeed.  The  ordinary  braking  current  employed 
to  de-energize  both  the  car  and  the  trailer  is  only  about  fourteen 
amperes  ;  it  is  hardly  anything,  you  see,  compared  with  the  car- 
rent  used  to  accelerate  the  same  car  and  trailer,  which  would 
probably  require  40  or  50  amperes. 

Mr.  C.  S.  Bradley  : — Mr.  Chairman,  Mr.  Sperry  has  brought 
this  out  so  well  that  I  do  not  dare  to  criticize  it,  but  I  would  like 
to  ask  him  a  question  that  occurs  to  me,  and  it  is  this :  Does  the 
motorman  ever  get  rattled  and  throw  that  switch  clear  over  and 
throw  off  his  brake,  and  bring  in  the  motor  current,  and  then 
throw  it  back  again,  and  in  that  movement  undertaking  to  stop 
the  car,  when  really  he  is  throwing  the  motor  on  ? 

Mr.  Sperry — Is  your  question  this :  Does  the  motorman  throw 
the  lever  off  a  little  way  and  then  throw  it  on  again  without  go- 
ing clear  over,  thus  ?  [illustrating].  My  experience  is  that  an  ex- 
cited motorman  will  try  to  throw  the  lever  over  too  hard  and 
through  the  end  of  the  controller  box  if  he  could. 

Mr.  Bradley  : — But  a  motorman,  in  the  event  of  a  great 
emergency  and  under  excitement,  is  sometimes  apt  to  make  two 
motions,  one  forward  and  one  backward  in  succession. 
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Mr,  Sperry  : — ^I  should  think  it.  possible,  but  I  never  knew  it 
to  occur,  however. 

Mr.  W.  J.  Hammer  : — ^I  would  like  to  ask  Mr.  Sperry  a  ques- 
tion. Mr.  Sperry  speaks  of  the  braking  effect  of  the  Foucault 
currents  on  tne  generator.  I  would  like  to  ask  him  what  his 
estimate  is  of  the  percentage  which  is  due  to  the  Foucault  cur- 
rent. A  little  over  two  years  and  a  half  ago,  when  I  was  in 
England,  I  had  the  pleasure  of  witnessing  some  experiments 
made  by  Mr.  Henry  E.  Walter,  a  member  of  the  Institute,  and 
formerly  Chief  Electrician  of  the  Edison  Machine  Works,  in 
Goerck  Street,  and  afterwards  at  Schenectady.  He  made  a  brake 
in  which  he  employed  nothing  but  the  Foucault  currents  gene- 
rated, and  in  the  experiments  referred  to,  magnets  were  sus- 
pended underneath  the  cars,  placed  close  to  the  rail,  and  by  passing 
a  heavy  current  through  them  he  produced  Foucault  currents 
which  lie  proposed  to  use  solely  for  the  braking  effect  on  the  car. 
That  seems  somewhat  in  line  with  the  experiments  which  Mr. 
Sperry  has  been  making,  and,  as  he  refers  to  the  importance  of 
it,  I  would  like  to  ask  him  about  what  percentage  of  the  braking 
effect  he  considers  is  due  to  that  in  his  brake.  Tnese  experiments 
of  Mr.  Walter's  that  I  saw  were  only  preliminary,  and  were  con- 
ducted on  a  small  scale. 

Mr.  Sperry  : — I  would  ask  the  gentleman,  in  the  experiments 
referred  to,  was  the  air-^p  open  ?     There  was  no  contact. 

Mr.  Hammer  : — No  sir. 

Mr.  Sperry: — Of  course  the  resistance  there  is  something 
enormous.  We  have  found  that  the  reduetion  of  the  resistance  at 
the  air-gap  is  a  great  point  in  f  uU^  utilizing  these  induction  cur- 
rents. Table  ift,  in  tne  paper,  will  give  the  exact  percentage  of 
any  point  on  the  curve  that  you  may  want.  Taken  at  the  knee, 
which  occurs  at  16  to  18  amperes,  the  pull  due  to  magnetic  ad- 
hesion is  160,  and  the  pull  actually  obtained  from  both  was 
2,584.  You  can  readily  see  that  the  Foucault  currents  here  were 
by  all  manner  of  means  the  greater  component.  Just  what  per- 
centage I  have  not  figured. 

The  Secretary  : — I  would  like  to  inquire  of  Mr.  Sperry 
as  to  the  reception  which  such  a  radical  change  in  the  form 
of  brake-shoe  has  received  at  the  hands  of  the  railroad 
men  who  have  been  using  the  ordinary  brake-shoe  for  so  many 
years? 

Mr.  Sperry  : — I  could  better  answer  that  inquiry  by  referring 
you  to  our  sales  department.  The  reception  of  it  at  the  hands  of 
engineers,  wherever  they  have  been  found,  has  been  very  enthusi- 
astic ;  but  as  to  the  average  railroad  purchasing  a^nt,  he  looks 
upon  it  as  a  brake-shoe  that  is  liable  to  cost  more  than  the  ordin- 
ary brake-shoe,  and  he  is  a  little  afraid  of  it  on  that  account,  los- 
ing sight  of  the  saving  in  wheels  which  is  from  two  to  three 
fold.  The  reception  of  the  brake  at  the  hands  of  the  motormen 
has  been  very  enthusiastic.      There  has,  however,  been  one  ex- 
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ception.  A  laotonnan  by  tlie  name  of  Wm.  Kerslake,  tJiOUglit 
it  wa8  a  dangerous  tiling,  because  if  tliey  put  tbis  kind  of  a  brake 
on  all  the  cars  the  company  would  be  hiring  women  to  run 
them.  It  must  of  course  be  remembered  that  it  takes  the  place 
of  two  bmke-shoes  and  a  lot  of  brake  mechanism. 

Mr.  Joskph  Sachs: — I  would  like  to  ask  Mr.  Sperry  some- 
thing in  reference  to  Table  III.  I  notice  in  looking  tlirongh 
that  table  that  the  effects  obtained  from  magnetic  adhesion,  or 
attraction  of  the  brake-shoe  to  the  magnet  is  bnt  a  small  part  of 
the  entire  retarding  effect.  It  would  seem  to  be  possible  to  en- 
tirely brake  the  car  by  means  of  a  non-magnetic  armature,  and 
simply  use  the  currents  generated  therein  to  brake  with.  Ajv 
}>aren"tly  the  greatest  retardation  is  due  to  the  brake  magnet  and 
shoe,  acting  as  a  dynamo.  It  would  seem  from  yonr  experi- 
ments that  the  friction  due  to  magnetic  atti-action  could  be  dis- 
regarded. 

Mr.  Spkrry  :  — I  should  say  that  such  a  thing  would  h%  per- 
fectly possible.  Suppose  these  two  circles  were  upon  the  two 
sides  of  the  core,  and  suppose  that  wa^  a  non-niagnetic  material, 
where  would  you  get  your  lines,  to  commence  with  i  You  will 
be  obliged  to  have  enormous  current  to  get  any  circulation, 
and  of  course  it  is  the  lines  of  force  that  do  the  business 
after  all.  The  air-gap  there  would  be  so  great  that  it 
would  be  putting  a  coil  of  wire  down  against  a  magnet 
and  expecting  a  heavy  flux.  Of  course  there  would  be  hardly 
any  appreciable  magnetism.  But  as  to  the  question,  given  the 
flux,  and  of  course  the  retardati(m  would  certainly  Ije  there,  as 
has  been  shown. 

Mr.  Max  Ostkrbkro  : — I  would  like  to  add  one,  to  the  ad- 
vantages pointed  out  by  the  speaker  which  seems  of  rather  strik- 
ing commercial  value.  The  authorities  in  a  great  many  cities 
limit  the  maximum  speed  of  the  cars  in  the  business  districts  to 
eight  miles  per  hour,  as  with  a  higher  speed  sudden  stops  in 
cases  of  emergency  become  impossible.  It  would  not  be  long  l)e- 
fore  the  maximum  limit  would  be  raised,  if  we  could  convince 
those  entrusted  with  framing  the  laws  that  with  an  electric  brak- 
ing system,  cars  running  at  ten  miles  an  hour  can  be  stopped 
quicker  than  at  present  running  at  eight.  There  are  about  2,Hoo 
cars  running  in  New  York,  and  if  every  car  can  run  ten  instead 
of  eight  miles,  that  is  25  per  cent,  faster,  then  20  per  cent,  or 
520  of  the  total  number  of  cars  can  be  done  away  with.  Count- 
ing the  wages  of  motorman  and  conductor  at  $5.00  per  day,  it 
amounts  to  $2,600.00  a  day,  or  $1)55,000.00,  pretty  nearly  "^one 
million  dollars  per  year,  wliich  the  car  companies  in  New  York 
Oity  alone  would  save. 

Mr.  Sachs  : — The  point  I  wanted  to  bring  out  is  in  regard  to 
the  wear  of  the  gears,  as  Mr.  Wetzler  a«ked  before.  1  notice 
that  the  actual  brdcing  energy,  supplied  by  the  motor,  is  very 
small.  The  brake  acts  like  a  separately-excited  dynamo,  the  ex- 
citing current  being  furnished  by  the  motor. 
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The  braking  effect  of  the  motor  through  the  gears,  when  act- 
ing as  a  dynamo,  is  very  small,  compared  with  the  braking  energy 
of  the  brake  magnet  and  shoe,  acting  as  a  dynamo.  I  believe  i 
am  riglit  in  that  supposition. 

Mb.  Bradley  : — Mr.  Chairman ;  this  magnet  seems  to  be 
something  that  I  never  have  heard  of  before.  I  have  often 
thought  of  such  a  magnet.  I  would  like  to  ask  Mr.  Sperrj^  exactly 
how  the  winding  runs ;  where  is  the  coil  located  and  where  are 
the  terminals  i 

Mb.  Sperry  : — The  coil  is  first  wound  in  a  large  hoop,  then 
folded  back  upon  itself  and  made  to  surround  the  crescent- 
sha[>ed  core.  The  recess  is  contracted  at  the  face,  the  coil  is 
secured  in  place  bv  a  plastic  material  surrounding  same,  the 
upper  portion  of  the  slot  being  filled  with  metal  fornyng  a 
smooth  metallic  surface.  The  terminals  are  brought  to  the 
surface  in  the  form  of  flexible  wires  one  *of  which  is  usually 
again  reimbedded. 

Mr.  Robert  McA.  Lloyd: — Mr.  Sperry  has  given  us  this 
evening  the  result  of  an  able  research,  and  «liown  us  some  ingen- 
ious devices  ;  but,  Mr.  Chairman,  they  do  not  satisfy  me  that  the 
brake  problem  is  solved,  and  for  three  principal  reasons.  First, 
it  seems  to  me  that  this  residual  magnetism  does  not  offer  any 
security  while  holding  a  car  on  a  steep  gradient.  Second,  Mr. 
Sperry  has  said  that  tliis  apparatus  is  much  less  liable  to  disorder 
than  the  familiar  mechanical  brake,  but  it  is  not  clear  to  me  why 
electrical  devices  should  be  any  more  free  from  fault  than  me- 
chanical devices,  and  so  I  do  not  see  why  this  brake  should  be 
more  perfect  than  a  windlass  brake.  There  may  be  some  troub- 
le in  the  switch  box,  or  some  difiiculty  in  the  motor  itself,  or  a 
brush  might  be  injured  so  that  there  would  be  no  exciting  cur- 
rent in  the  magnet.  Then,  in  the  third  place,  when  you  stop  the 
wheels  yon  have  not  necessarily  stopped  the  car,  and  a  great 
many  of  the  accidents  which  occur  in  our  cities  are  because  the 
tracKS  are  covered  with  a  soapy  kind  of  mud  that  will  let  a  car 
slide  along  fifty  feet.  It  is  true,  as  Mr.  Sperry  has  said,  that 
most  brakes  are  not  capable  of  locking  the  wheels,  but  even  if 
the  wheels  are  locked  on  such  a  rail  as  we  have  in  many  of  our 
cities,  a  car  will  slide  a  considerable  distance,  leaving  grade  out  of 
account.  So  that  in  order  to  help  ourselves,  we  may  have  to 
pay  moi-e  attention  to  the  track,  ana  to  the  wheels  themselves ;  — 
a  turned  steel  tire  is  of  course  better  for  traction  purposes  than 
a  chilled  wheel.  Then  we  ought  to  have  both  a  mechanical  and 
an  electrical  brake  on  a  car,  because  in  going  down  a  hill  if  any- 
thing should  happen  to  such  a  brake  as  this,  you  would  be  lost, 
and  the  same  would  be  true  also  of  a  mechanical  brake.  It 
seems  to  me  that  pressure  might  be  applied  to  these  disks  by  a 
windlass,  or  some  other  mechanical  contrivance,  and  make  the 
brake  just  as  efficient  as  if  it  were  held  by  magnetism.  On  the 
other  hand,  I  would  like  to  say  in  answer  to  one  of  the  previous 
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speakers,  that  I  do  not  think  itwoald  be  practicable  to  use  a  com- 
bination of  that  sort  as  a  generator,  besides  if  yon  are  going  to  do 
that,  you  might  as  well  as  well  use  the  armature  of  the  dynamo 
or  the  motor  as  a  brake,  and  brake  through  the  gears.  Of  course, 
that  presents  a  great  many  difficulties,  and  it  is  not  a  good  way  of 
brakmg  a  ear,  the  gears,  however,  not  being  the  greatest  source 
of  difficulty.  Then  I  would  like  to  say  that  an  improvement 
miglit  be  made  in  putting  the  disks  on  the  armature  shafts  where 
there  is  gearing.  I  have  tried  some  of  these  disk  brakes  and 
think  this  is  by  far  the  test  one  I  have  ever  seen,  and  I  believe 
Mr.  Sf>erry  will  work  it  out  to  much  greater  perfection. 

Mr.  Sachs  : — I  would  like  to  answer  the  previous  speaker  in 
regard  to  iisin^  the  motor  and  braking  the  cars  by  means  of  the 
gearsji  I  think  that  is  just  the  point  tiiat  has  been  tried  at  var- 
ious times,  and  the  point  that  Mr.  Wetzler  brought  out.  I  think 
if  a  car  were  braked  by  means  of  simply  short-circuiting  the 
motor,  or  using  it  as  a  dynamo  and  retarding  the  car  throuj^  the 
teeth  of  the  gear,  that  in  a  very  short  time  you  would  have  no 
gears.  I  think,  therefore,  the  principle  that  Mr.  Sperry  has 
brought  out  is  a  much  superior  one.  If  the  retarding  eflEect  of  a 
current  in  a  magnetic  field  is  used,  it  is  certainly  better  to  obtain 
this  effect  as  Mr.  Sperry  does,  than  by  the  ipotor  itself  through 
the  gears.  I  think  that  the  experience  with  the  electric  motor, 
used  as  a  braking  dynamo,  has  not  been  very  successful  and  I 
believe  one  of  the  principal  reasons  has  been  that  the  wear  and 
tear  upon  the  gears  has  been  so  great  that  your  gears  would  not 
last. 

Mr.  Frankijlnd  Jannus  : — Mr.  President ;  I  have  understood 
all  through  the  paper  of  Mr.  Sperry  that  his  device  was  intended 
to  bring  a  car  to  a  stop,  and  there  it  ended.  I  supposed  that  he 
intended  to  have  a  mechanical  brake  in  addition  to  this.  For 
example,  if  a  long  hill  is  to  be  traversed,  the  electric-brake  will 
stop  tlie  car,  but  then  of  course  the  motorman  will  want  to  use 
his  hand 'brake  in  order  to  hold  the  car.  Is  not  that  the 
idea  ?  If  there  is  any  way  of  using  this  device  to  let  the  car 
down,  I  think  a  little  explanation  of  that  would  be  very  inter- 
esting. 

Mr.  Spkrry  : — Mr.  Lloyd  mentioned  tracks  covered  with  a 
soapy  kind  of  mud  and  the  wheels  of  the  car  sliding  along  fifty 
feet,  etc.  I  would  like  to  call  attention  to  the  fact,  that  in  all 
large  cities  where  these  conditions  are  likely  to  exist,  the  railway 
companies  usually  use  sand  to  give  the  wheels  better  adhesion 
and  this  incidentally  helps  on  the  brakes.  For  instance,  to-day, 
when  the  rainfall  has  been  constant  for  twelve  hours,  I  have  no 
doubt,  but  that  the  Broadway  cable  road  near  us,  has  nsed  a  num- 
ber of  tons  of  sand.  Now  of  course  their  cars  are  propelled 
without  traction  of  the  wheels  in  any  sense,  still  they  use  sand 
for  the  purpose  of  making  their  brakes  effective.  This  is  a 
remedy  commonly  adopted  for  slimy  rails,  and  without  it  there 
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rare  conditions  of  track  wliere  no  brakes  would  be  of  service.  The 
ordinary  hand-brake  may  be  used  as  a  duplicate  brake  apparatus 
if  required.  I  have,  however,  yet  to  see  the  first  man  who  will 
wear  himself  out  on  the  hand-brake,  when  he  can  brake  the  car 
by  simply  pushing  the  lever  and  allowing  electricity  to  do  his 
work.  As  to  the  certainty  of  its  acting,  as  I  said  in  my  paper,  I 
do  not  see  how  anything  can  'be  more  certain ;  every  time  you 
apply  the  current  you  necessarily  test  its  capacity  for  the  next 
brake  application. "  In  the  thousands  of  miles  per  day  that  this 
brake  is  now  running  in  this  country,  I  do  not  know  of  a  single 
failure.  If  a  car  win  not  run,  it  should  be  put  in  order,  but  if  it 
runs,  it  brakes.  As  to  coming  down  hills,  that  is  doubtless  a 
point  that  I  have  not  made  clear.  The  brake  will  not  make  a 
full  stop  unless  you  want  to  stop.  We  are  operating  on  a  long  and 
steep  hill  (a  mile  and  a  Quarter,  I  think)  in  Waterbury,  Connecti- 
cut, not  far  from  New  York  City,  and  if  anycme  is  sufficiently 
interested  in  its  operation  he  may  go  up  there  and  ride  all  day  up 
and  down  the  hill,  and  he  will  see  that  it  performs  its  work  well. 
The  point  that  I  have  not  made  clear,  I  believe  [illustrating  with 
the  apparatus,]  and  one  which  you  can  readily  understand,  is  that 
I  can  hold  the  amperage  in  the  brake  circuit  anvwhere  I  choose 
by  simply  manipulating  the  lever  thus.  When  t  apply  the  brake 
I  will  now  cause  it  to  hold  the  amperes  at  some  given  place,  and 
that  means  that  the  car  is  retarded  at  a  certain  rate  or  pace.  [Il- 
lustrating].    Now  you  see  I  hold  it  right  there. 

Mr.  Jannus  : — Suppose  the  car  has  come  to  a  full  stop  on  the 
liill,  what  then  ? 

Mb.  Sperry  : — As  I  said  in  the  paper,  the  residual  magnetism 
producing  current,  will  hold  the  car  for  a  time  as  you  can  see, 
and  perhaps  you  did  see  the  last  time ;  this  is  very  much  moie 
marked  on  alarge  motor  than  on  this  one.  [Illustrating.]  Of 
<;ourse  the  hand-brake  is  on  the  car  if  you  wish  to  hold  it  indefi- 
nitely. 

Mr.  E.  a.  Merrill  : — I  would  like  to  ask  as  to  one  point. 
Alx)ut  two  weeks  ago  I  was  in  an  Eastern  city  where  there  are  a 
number  of  grades.  They  were  running  two  motor  cars,  pulling 
three  trailers  all  in  one  train.  Near  the  top  of  an  eight  per  cent, 
grade  the  fuse  blew  on  one  of  the  motor  cars,  and  the  other 
motor  car  was  not  able  to  hold  the  train,  which  started  back 
down  hill.  Now  I  would  like  to  ask  Mr.  Sperry  what  would  be 
the  action  of  the  electric-brake  in  a  case  like  that  ? 

Mr.  Sperry  : — The  electric-brakes  work  equally  well  after 
the  fuse  has  blown.  The  blowing  of  the  fuse  in  the  case  cited 
would  not  have  made  any  difference  whatever  with  the  electric- 
brake. 

Mr.  Merrill  : — In  tlie  case  I  refer  to,  they  caught  the  train 
and  held  it  by  the  ordinary  hand-brake.  This  was  an  eight  per 
<5ent.  grade,  running  up  to  nine  per  cent,  at  the  top.  There  were 
three  trailers  attached  to  two  motor  cars,  the  two  motor  cars  act- 
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ing  in  coujiniction.  My  question  is,  what  would  have  been  the 
result  if  they  had  liad  your  electric-brakes  and  found  that  they 
were  useless  to  hold  the  train  < 

Me.  Bradlky  : — The  motion  of  the  cars  in  it^^lf  applies  this 
brake. 

Mr.  Mkrkill: — My  point  is  this.  This  electric-brake 
will  undoubtedly  stop  the  train,  but  how  are  you  going 
to  hold  the  train  on  a  grade  like  that  after  you  have  stopped 
hi 

Mr.  Spkrry  : — That  depends  on  how  long  you  wish  to  stop, 
and  has  been  before  explained. 

Mr.  Merrill: — Also,  can  that  brake  be  used  on  an  ordinary 
emergency  stop  ?  There  is  a  great  diflference  between  the  emer- 
gency stop  and  the  ordinary  stop.  In  an  ordinary  stop  it  is  of 
treat  advantage  to  have  the  adhesion  increased  as  the  speed 
ecreases ;  tliat  ip,  to  have  the  brake  pressure  decrease.  In  an 
emergency  stop  it  is  very  necessary  for  that  adhesion  to  re- 
main constant  or  to  increase.  Now  with  the  electric-brake  the 
stop  is  very  gradual ;  the  retardation  is  practically  uniform. 
With  the  liand-brake  or  with  the  air-brake  you  can  hold  the 
brakes  set,  and  the  stop  becomes  relatively  more  rapid  as  tlie 
speed  decreases. 

Mr.  Sperry  : — In  reply  I  would  say  that  it  is  in  emergency  ser- 
vice that  the  full  beauty  and  effectiveness  of  the  electric  brake  is 
brought  out.  By  its  use  the  car  can  be  brought  almost  to  rest 
before  the  motorman  can  get  the  slack  out  of  liis  hand-brake 
chain.  There  is  nothing  more  instantaneous  than  the  electric 
brake.  There  is  no  appreciable  time  lost.  You  see,  the  motor- 
man  puts  it  on  instantly,  and  there  is  no  time  lost  in  winding  up 
the  slack  chain  as  in  a  hand-brake  as  stated. 

Mb.  Sachs  : — I  should  like  to  ask  another  question :  What 
would  happen  if  the  motorman  suddenly  stopped  his  car  on 
a  down  grade,  stopping  the  wheels,  so  that  the  motor  generated 
no  more  current,  would  not  the  retardation  cease  ana  the  car 
sta]*t  again  i  I  would  like  to  know  whether  the  hand-brake 
would  not  then  have  to  be  applied,  or  whether  the  electric  brake 
would  take  care  of  itself? 

Mr.  Sperry  : — Such  a  condition  cannot  exist.  If  the  wheel 
stops,  very  little  or  no  current  is  then  circulating  in  the  brake 
circuit,  and  the  wheels  start  again  to  roll,  and  the  generator  to 
produce  the  braking  current. 

Mr.  Sachs  : — Under  the  above  condition,  if  the  speed  is  very 
low,  perhaps  the  motor  would  not  generate  current  enough  to 
energize  the  brake  sufficiently,  and  the  car  would  continue  mov- 
ing down  grade  slowly. 

Mr.  Sperry'  : — It  is  entirely  automatic.  It  will  generate  and 
stop  itself  at  very  low  speed,  hardly  moving. 

Mr.  Sachs  : — Is  it  not  possible  for  the  wheels  to  skid  along  for 
a  few  feet? 
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Mr.  Sperry  : — No  sir. 

Mr.  Sachs  : — Then  I  understand  you  to  say  that  you  cannot 
hold  the  car  on  a  down  grade  with  your  electric-brake  alone. 

Mr.  Spkrry  : — Oh,  yes,  we  can.  I  illustrated  that  a  few  mo- 
ments ago. 

The  Chairman  : — I  think  that  tliis  point  has  been  pretty  well 
discussed,  and  the  hour  is  quite  late.     But  if  there  are  aily  fur-* 
tlier  remarks  on  some  new  point  that  has  not  yet  been  brought 
out,  we  should  be  glad  to  hear  them. 

Mr.  Merrill  : — I  would  like  to  ask  one  more  <|uestion.  There 
ai-e  a  great  many  statistics  showing  the  space  within  which  a  car 
can  be  stopped  with  various  brakes.  I  would  like  to  ask  Mr. 
Sperry  if  he  has  anv  statistics  of  that  sort  by  which  his  system 
can  be  compared  with  other  systems  in  use. 

Mr.  Sperry  : — The  Westinghouse  air-bmke  people  from  their 
latest  tests,  give  data  showing  that  they  only  utilized  about  four- 
teen per  cent,  of  the  available  adhesion  of  the  rail,  whereas 
we  utilize  it  nearly  up  to  the  limit.  I  judge  from  this  that 
with  a  given  speed  we  could  stop  in  say  less  than  one-fourth 
oi  the  distance  tliat  they  require,  or  did  require  in  the  testu 
naihed. 

The  Chairman  : — If  there  are  no  further  remarks,  a  motion 
to  adjourn  will  be  in  order. 

[On  motion  the  meeting  then  adjo.urned.] 

Communications  Received  Afier  Adjournment. 

Mr.  E.  a.  Merrill  : — It  is  to  be  regretted  that  Mr.  Sperry 
has  made  no  tests  to  determine  in  what  distances  cars  can  be 
brought  to  a  standstill  under  given  conditions  of  weight,  speed 
and  track,  and  especially  for  emergency  stops,  for  this  would,  in 
the  minds  of  practical  men,  go  far  in  determining  the  merits  of 
the  system  as  compared  with  other  methods.  Also  that  we  have 
no  definite  information  as  to  its  ability  to  control  cars  on  steep 
grades,  as  this  question  is  one  of  the  iirst  to  arise  wherever 
grades  occur.  I  think  Mr.  Sperry  has  failed  to  make  proper  allow- 
ances, in  his  comparisons  with  the  Westinghouse  tests,  for  the 
two  principal  factors  of  weight  and  speed.  In  stopping  the  ear, 
a  certain  amount  of  energy  must  be  dissipated,  ana  it  is  evident 
that  there  is  a  limiting  rate  per  ton  weight,  which  cannot  be  ex- 
ceeded without  hazarding  the  safety  of  the  car  and  passengers ; 
it  is  miite  possible  not  only  to  reach  but  to  exceed  this  rate  with 
the  Westinghouse  air-bralce  for  any  speed  we  meet  in  street  rail- 
road practice  ;  therefore,  speed  fot*  speed  and  toeight  for  weight 
an  electric  car  cannot  safely  be  stopped  in  a  less  distance,  the 
present  limit  for  an  800-ton  train  from  30  miles  per  hour,  is 
about  325  feet  on  an  emergency  application  ;  with  a  correspond- 
ing rate  of  energy  dissipation  per  ton  weight,  an  allowance  of  one 
second  for  shutting  oflE  the  current  and  applying  the  brakes,  the 
distance  required  lor  bringing  an  8-ton  electric  car  to  a  full  stop 
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from  an  initial  speed  of  12  miles  per  hour  is  39  feet,  or  a  little 
less  than  one-eighth  the  former  distance ;  such  a  comparison, 
however,  is  manifestly  unfair,  for  the  800-ton  train  can  also  be 
stopped  in  39  feet  under  similar  conditions,  and  the  8-ton  elec- 
tric car  will  require  377  feet  for  a  full  stop^  from  an  initial 
speed  of  30  miles  per  hour ;  if  the  rate  of  enei^y  destruction 
.  were  greater,  of  course  this  distance  would  be  less. 

Mr.  Spebry  : — Having  noted  the  above  communication,  I 
would  add  that  the  tests  mentioned  in  connection  with  emer- 
gency service  are  given  in  the  general  statement  found  on  top  of 
page  685.  The  limiting  rate  of  energy  dissipation  does  not  seem 
to  trouble  railway  managers  very  much  for  strictly  emergency 
purposes,  and  certainly  cannot  be  more  severe  than  reversing  the 
motor  under  full  speed,*  which  is  almost  a  universal  practice  in 
cases  of  the  most  urgent  necessity.  The  statement  that  electric 
cars  cannot  be  safely  stopped  in  less  distance  than  ordinary  rail- 
way cars  I  have  found  not  to  be  true,  and  probably  for  the  rea- 
son that  the  strain  is  not  required  to  be  transmitted  through  the 
swiveling  bolt,  or  bolster  of  the  truck  high  above  the  wheel  con- 
tact upon  the  rail,  which  has  been  found  to  be  the  first  place  to 
give  way  in  emergency  stopping  in  railway  service.  On  the 
street  car  the  masses  are  more  resiliently  supported,  especially  on 
the  four-wheel  car,  where  the  stripping  of  the  car  body  from  the 
truck  is  a  far  more  difficult  matter  than  with  the  swiveling  truck. 
I  have  found  in  practice  that  an  emergency  stop  with  the  elec- 
tric-brake can  be  made  under  the  conditions,  and  within  practi- 
cally the  distances  named  in  the  paper.  The  easing  off  of  the 
cm've  of  retardation  at  both  ends,  making  it  an  o.  o.  curve  rather 
than  a  straight  line  at  a  declining  angle  gives  by  far  the  easiest 
stop.  This  curve  I  have  found,  is  the  one  naturally  produced  by 
the  electric-brake,  and  is  probably  the  condition  which  yields  the 
sensation  of  a  cushioned  stop. 

Mr.  W.  E.  Harrington  : — I  think  vdthout  peradventure  of  a 
doubt  that  the  paper  as  read  by  Mr.  Sperry  is  one  that  covers  a 
subject  vital  to  the  interests  of  every  electric  railway  manager. 
The  question  of  the  proper  braking  of  a  car  should  really  be 
viewed  from  an  emergency  standpomt,  and  further,  the  form  or 
method  of  braking  employed,  should  be  such  that  it  be  always  in 
use  and  not  known  as  an  emerjpency  brake  ?  The  present  method 
of  reversing  a  motor  in  case  of  an  emergency  is  absurd,  and  usu- 
ally results  in  opening  the  magnetic  circuit-breaker  at  the  power 
station  controlling  the  particular  division  the  car  may  be  on,  or 
breaking  gears  and  probably  springing  shafts.  The  above  results 
are  so  usual,  that  particular  instructions  are  given  to  motormen 
never  to  reverse,  except  in  cases  of  extreme  emergency,  as,  for 
instance,  where  life  is  in  danger.  The  recent  and  established 
principles  of  electric  railway  engineering,  wluch  now  make  it 
necessary  to  place  magnetic  cut-outs  on  the  feeders  leading  out 
from  the  switchboard  of  our  power  stations,  has  rendered  it  abso- 
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lutely  necessary  t<>  have  other  methods  of  stopping  our  ears  with- 
out depending  on  the  power  station  for  so  doing.  An  accident 
occurred  recently  at  York,  Pa.,  where  a  life  was  lost,  simply  be- 
cause the  magnetic  cut-outs  opened  at  the  power  station  when 
the  motor  circuit  was  reversed.  I  mention  this  case  particularly 
as  it  had  the  rather  peculiar  effect  on  the  local  management  of 
their  considering  the  advisability  of  going  back  to  the  unreliable 
and  station-destroying  fuse-wire  of  ancient  history.  The  facts 
are  so  numerous  and  so  convincing  that  the  braking  of  a  car 
should  be  self-contained  and  entirely  independent  of  the  power 
station,  that  it  may  be  considered  axiomatic.  The  above  position 
is  further  emphasized  when  we  consider  the  fact  that  in  tne  next 
two  years  it  will  be  as  common  to  see  magnetic  cut-outs  on  our 
cars,  as  it  is  at  present  to  see  such  devices  in  our  power  stations. 
I  think  that  tlie  plan  and  method  as  employed  by  Mr.  Sperry  are 
correct  and  practicable,  and  after  a  few  minor  details  not  insur- 
mountable, are  overcome,  or  rather  remedied,  the  system  will  be 
commercially  successful. 

Mb.  Joseph  Sachs  : — There  is  one  point  in  reference  to  the 
form  of  electric  brake,  described  by  Mr.  Sperry,  which  would 
appear  to  be  more  or  less  of  an  objection  under  certain  condi- 
tions ;  that  is  the  fact  that  it  is  impossible  to  completely  stop  the 
car  for  any  length  of  time  on  a  down  grade  by  simply  using  the 
electric  brake  as  herpin  described.  During  the  discussion  at  the 
meeting  of  the  Institute  I  attempted  to  bring  out  this  point,  but 
it  appears  to  me  from  the  answers  made  by  Mr.  Sperry  to  my 

Questions,  that  I  was  not  properly  understood.  I  assumed  a  con- 
ition  where  an  obstruction  made  it  necessary  for  the  motorman 
to  stop  his  car  instantly  and  hold  it  on  a  down  grade,  but  I  could 
not  see  how  this  could  be  accomplished  with  the  form  of  brake 
described.  It  is  true  that  the  car  can  be  brought  to  a  fitop  by  the 
arrangement  Mr.  Sperry  describes,  but  I  can  see  no  way  in  which 
it  can  be  held  on  a  down  grade  without  the  use  of  some  addi- 
tional device.  After  the  car  has  been  brought  to  a  stop  by 
changing  the  motor  into  a  dynamo,  and  throwmg  it  across  the 
brake  magnet,  the  retardation  of  the  brake  will  also  be  stopped, 
as  no  more  current  will  then  be  generated  by  the  motor.  As  a 
natural  consequence,  therefore,  tne  car  will  start  again  and  stop, 
start  again,  and  stop,  and  so  on  until  it  get^  to  the  bottom  of  the 
grade,  or,  perhaps,  after  the  first  stop,  will  run  down  the  grade 
at  perhaps  such  speed  as  to  prevent  enough  current  being  gen- 
erated b^  the  motor  to  effect  sufficient  retardation  in  the  brake 
to  hold  it.  It  would  seem  therefore,  to  me,  that  in  case  of  an 
accident  under  the  conditions  given,  that  it  would  become  an 
absolute  necessity  to  provide  some  means  whereby  the  car 
can  be  held  any  length  of  time.  It  is  true  that  this  can  be  ac- 
complished by  applying  the  hand-brake  after  the  car  has  been 
brought  to  its  first  stop,  but  this  would  seem  to  be  objectionable. 
It  would  seem  to  be  a  simple  manner  to  so  arrange  the  brake 
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that  current  could  be  supplied  to  it  to  liold  the  car  under  any 
conditions.  While  I  think  that  Mr.  Sperrj's  device  of  the 
greatest  interest  and  value  to  electric  traction,  it  would  seem 
mat  the  feature  which  I  have  described  would  be  an  objection 
but  one  which  could  no  doubt,  readily  l)e  obviated,  even  without 
the  use  of  the  hand-brake. 

Mr.  Sperry  : — The  gentleman  is  referred  to  previous  answers 
in  the  discussion. 


Discussion  in  Chicago. 

The  meeting  of  Western  members  was  held  at  Armour  Insti- 
tute, Chicago,  September  19th,  1894. 

Professor  Stine  having  read  a  tele^fram  announcing  the  appoint- 
ment of  Mr.  B.  J.  Arnold  as  Secretary,  Mr.  Arnold  after  a  short 
address,  in  which  he  thanked  the  members  for  their  support, 
announced  the  first  business  to  be  the  appointment  of  a  chairman 
for  the  meeting,  and  suggested  the  name  of  Professor  Stine,  who 
was  unanimously  elected. 

The  Chairman:— I  will  call  your  attention  to  the  paper  pre- 
pared for  this  evening  :  "  The  Electric  Brake  in  Practice."  In 
the  absence  of  the  author,  Mr.  Elmer.  A.  Sperry,  who  is  read- 
ing the  paper  at  the  New  York  meeting  to-night,  Mr.  L.  H. 
Rogers,  the  General  Manager  of  the  Sperry  Electric  Company, 
will  read  the  paper  for  us. 

The  Chairman: — The  paper  i^  an  exceedingly  interesting  one, 
and  I  am  sure  that  we  ought  to  have  a  full  and  interesting  analysis 
of  it,  and  I  will  call  on   Mr.  Kammeyer  to  open  the  discussion. 

Mr.  Carl  Kammeyer: — My  familiariiy  with  electric  railwavs 
is  so  slight  that  I  do  not  feel  exactly  competent  to  start  this  dis- 
cussion. The  paper  has  been  of  great  interest  to  me,  and  I  can- 
not help  seeing  the  importance  of  this  subject.  I  also  admire 
the  especially  able  manner  in  which  Mr.  Sperry  seems  to  have 
solved  the  problem,  and  it  seems  to  me  that  if  I  luui  an  electric 
railway,  the  first  thing  I  should  do  would  be  to  order  one  or  two 
of  these  brakes  for  each  car;  perhaps  one  would  be  enough. 
Mr.  Grier  liere  wants  to  know— he  didn't  like  to  ask  the  question 
'  himself — whether  that  would  not  be  a  good  device  to  let  a  car 
slide  down  hill.  Would  it  not  be  a  good  idea  to  let  a  car  go 
down  in  that  way  I 

Mr.  Rogers  : — Yes;  if  you  did  not  want  the  car  to  go  very 
fast. 

Mr.  Grier: — Not  very  long  ago  the  question  of  automatic 
brakes  in  connection  with  the  inclined  plane  railway  upon  which 
many  Chicago  people  ride  after  "shooting  the  chutes"  was 
brought  to  my  attention.  We  put  a  brake  on  the  track,  but 
there  was  nothing  electric  about  it.  Now,  it  seems  to  me,  if  we 
had  a  brake  of  that  kind  on  the  car,  if  the  cable  should  snap,  the 
car  could  go  down  only  just  so  fast,  because  when  it  began  to  go 
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f«3ter,  the  brake  would  become  stronger  and  stronger.  Whe^ 
the  brake  caught,  the  car  could  only  go  at  a  certain  speed,  and 
iti^hen  it  reached  the  bottom,  it  would  drop  as  if  it  were  goingt 
ivto  a  feather  tick. 

Thb  Chaibma.n: — It  occurs  to  me  that  this  device  might  h^tf 
capable  of  extension  to  an  elevator  in  its  fall.  I  presume  it 
might  be  worked  by  the  use  of  an  independent  device. 

Me.  Kavimetkb: — 1  think  Mr.  Arnold  would  be  very  eompe* 
t^ant  to  enlighten  us  U}M>n  this  question.  I  recollect  that  he  had 
^  device  somewhat  similar  to  Mr.  Sperry's. 

Mr.  B.  J.  Arnold:— I  have  given  this  electromagnetic  clutchr 
question  some  study,  and  some  time  ago  devised  a  plan  for  at^ 
tiu^hing  direct  coupled  generators  to  their  engines  or  other  prim€r? 
movers  in  such  a  manner  as  to  all  iw  any  one,  or  all  of  the  gen^ 
erators  to  be  driven  from  either  power  unit,  and  I  presume  that 
this  is  what  Mr.  Kammeyer  refers  to.  The. form  of  electro* 
magnet  wiiich  has  been  described  here  this  evening  is  similar  in< 
fi^-m  and  action  to  that  device,  although  it  is  applied  to  a  differ- 
ent use,  so  there  can  be  no  real  similarity  in  them.  1  recognize: 
in  this  brake  two  main  parts,  as  follows :  First,  the  motor  under 
the  car,  which  becomes  a  generator  when  the  brakes  are  applied^ 
and,  second,  the  electromagnet  or  coil,  whose  function  is  to  ab- 
aw^b  the  energy  produced  by  the  motor-gen*  rator  and  utilize  it. 
ty>ward  overcoming  the  momentum  of  the  car  by  gripping  or 
clasping  the  revolving  disk  on  the  car  wheel.  It  seems  to  me 
that  the  retarding  effect  caused  by  the  drag  of  the  armature  on. 
the  wheels  after  the  motor  has  been  converted  into  a  generator 
should  be  a  suiiicient  brake  without  the  use  of  the  electromagnet 
at  all,  unless  the  magnet  is  used  ii^imply  as  a  resistance  or  reservoir,^ 
m  it  were,  to  consume  the  current  generated  by  the  armature,  and 
prevent  its  having  to  work  an  open  circuit.  I  presume  that  Mr. 
Sperry  has  discovered  other  piactical  objections  to  working  the 
motor  on  open  circuit,  than  the  usual  one,  which  is  the  serious^ 
8f>arking  at  the  brushes,  and  has  adoptt^d  the  coil  to  eliminate  the. 
difficulty. 

Mr.  Kogbrs  :  —The  generation  of  the  current  is  excessive,  and 
tends  to  heat  the  armature  to  quite  a  considerable  degree,  when 
you  attempt  to.  stop  the  cars  through  the  gears  alone,  and  then 
the  wear  on  the  gears  and  pinion  ib  considerable.  It  will  doi 
admirably.  You  can  stop  the  car  just  as  quickly  that  way  as. 
you  can  do  this ;  but  the  point  is  to  get  the  electromotive  force 
and  current  as  low  as  possible,  and  get  the  maximum  braking- 
effect 

Mk.  Arnold  : — The  idea^is,  that  this  electromagnet  shall  absorb 
tjie  energy  from  th*'  armature  and  assist  in  braking  without  put- 
ting the  entire  work  on  the  armature  and  gears,  as  I  understattd* 
Mr.  R<]^r6. 

Mb.  Sogers: — Yes,  that  is  right. 

Mr.  Arnold  : — There  is  another  thing  which  must  be  seriously 
considered  by  any  one  who  is  contemplating  the  adoption  of  elec- 
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trie  brakes  for  railway  purposes,  and  that  is  the  relative  cost  of 
maintaining  tliis  brake  in  comparison  with  the  cost  of  other 
brakes,  it  strikes  me  that  the  cost  of  maintenance  would  be  less 
in  this  brake  than  it  would  be  for  brakenshoes  and  wheels ;  bnt  I 
can  see  in  this  apparatus  some  delicacy,  inasmuch  as  the  station- 
ary and  rotating  disks  must  revolve  very  closely  together.  It  cer- 
tainly is  a  first  class  thing  in  the  following  respects :  It  is  de- 
pendent upon  no  external  power;  it  is  not  dependent  upon  the 
trolley  in  any  way,  and  the  latter  point  alone  removes  the  worst 
objection  that  has  been  brought  against  other  electric  brakes, 
namely  that  in  case  of  an  emergency,  when  you  want  the  brakes 
badly,  they  may  become  wholly  inoperative  if  the  cnrrent  should 
be  .cut  oft  the  line,  or  the  troUev  wheel  leave  the  wire.  There 
have  been  a  number  of  electric  brakes  devised  upon  the  prin- 
ciple of  using  the  current  from  the  trolley ;  but  they  are  objec- 
tionable for  the  above  reason,  and  amount  to  no  brake  at  all  in 
an  emergency 

There  is  ene  objection  which  it  seems  to  me  might  be  urged 
against  this  brake, and  that  is  this: — Suppose  an  armature  should 
become  burned  out  so  that  your  generator  is  disabled.  In  case 
of  an  emerjgency  stop,  you  would  have  no  brake  except  by  hand, 
fiowever,  in  justice  to  the  apparatus,  it  should  be  stated  tnat  thia 
would  be  very  unlikely  to  happen,  and  not  nearly  so  likely  as  the 
liability  of  the  trolley  leaving  the  wire  or  the  current  leaving  the 
line. 

Mr.  Rogkrs  : — If  the  armature  were  burned  out,  I  do  not  think 
the  car  would  be  going  at  a  very  high  rate  of  speed. 

Mr.  Arnold  : — It  might  be  going  down  hill.  There  is  another 
thought  occurs  to  me  m  regard  to  going  down  the  chute  or  in- 
clined plane  referred  to  by  Mr.  Grier.  1  hardly  think  this  biake 
would  retard  the  car  enough,  because  the  grade  or  incline  is  so 
great,  that  were  the  wheels  to  be  skidded,  there  would  be  but 
slight  retarding  effect  upon  the  wheels,  and  the  car  would  slide 
down  anyway,  as  the  adhesion  of  the  wheels  to  the  rails  would 
not  be  suflScient  toprevent  it. 

Mr.  Koqers  : — W  hat  is  the  grade  ? 

Mr.  Grier  : — ^Twenty-five  per  cent. 

Mr.  Arnold:— You  can  see  that  the  cars  would  go  down 
there,  brake  or  no  brake. 

Mr.  Rogers  : — This  is  not  a  brake  for  sudden  drops 

Mr.  Grier  : — Take  the  viaducts  in  this  city.  Sometimes  the 
the  cars  have  a  very  heavy  load.  They  have  sometimes  260  people 
on  the  motor  car  and  the  two  trailers,  and  sometimes  more.  Now, 
that  is  almost  enough  of  a  load  to  cause  an  accident  by  the  burn- 
ing out  of  the  armature  if  anything  is  defective,  which  would 
make  the  motor  ineffective,  inoperative,  and  the  car  would  begin 
to  slide  backwards  down  hill.     How  would  you  stop  that? 

Mr.  Rogers  : — If  the  source  of  power  is  disabled,  there  is  no 
brake. 
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Me.  Gkieb  : — You  always  haye  the  band-brakes  tbere.  But 
on  tbe  yiaduct  at  Sixty-lirst  Street,  during  tbe  World's  Fair,  if 
the  armature  bad  burned  out  going  up  tbe  bill,  it  migbt  bave 
been  very  disastrous.         .     . 

Mr,  Kogebs: — Some  cities  are  compelling  two  brakes  now  on 
electric  cars.  In  Cincinnati  tbey  compel  two  brakes  on  eacb  car. 
On  one  of  tbe  bills  there,  a  car  ran  away  and  bit  a  telegraph  pole, 
and  the  pole  cut  the  car  in  two  and  killed  several  people. 

Mr.  Gbier: — What  happens  if  the  fuse  connected  with  tbe 
control  blows  out  ? 

Mb.  Rogebs  : — Tbere  is  no  fuse  in  tbe  local  circuit.  I  will 
say  here  that  tbe  auxiliary  brake  that  tbey  adopted  in  Cincinnati 
would  make  an  interesting  picture.  It  is  a  long  rod  with  a  piece 
of  hard  wood  on  one  end  of  it,  held  by  a  nut  and  washer.  The 
conductor  is  compelled  to  stand  on  the  rear  step  when  going  up  a 
grade,  and  at  every  stop  of  the  car  be  is  expected  to  get  oflE  and 
shove  that  under  tbe  rear  wheel.  That  is  in  Cincinnati,  a  city 
of  300,000  inhabitants.  They  operate  500  cars  on  that  system, 
and  yet  that  is  what  tbe  conductor  is  compelled  to  do. 

Mb.  Gbieb  : — That  is  the  old  device  of  putting  a  chunk  of 
wood  under  the  wheel  to  prevent  its  slipping. 

Mb.  Rogebs  : — The  conductor's  duties  are  prescribed  minutely, 
and  be  is  required  to  put  that  log  under  the  rear  wheel.  He  is 
not  allowed  t)  collect  fares  when  on  the  grade. 

I  will  just  state  that  we  sold  one  of  these  equipments,  and 
after  tbey  had  tried  it  they  would  not  allow  the  brake  to  start  in 
service,  giving  as  a  reason  that  it  was  a  perfect  device,  and  tbe 
Council  would  compel  them  to  put  one  on  each  of  their  500  cars. 
They  would  not  even  let  it  start. 

Mb.  Kammeteb  : — You  speak  of  a  low  voltage  being  employed, 
as  low  as  six  volts.  I  take  it  that  the  only  magnetism  used  is  tbe 
residual  magnetism  of.  the  field  of  tbe  motor.    Is  it  not  ? 

Mb.  Rogers  : — All  you  want  is  to  generate  enough  voltage  to 
send  that  current  through  tbe  wire. 

Mr.  Kammeteb: — It  would  seem  that  after  cutting  off  tbe 
trolley  current,  tbe  car  would  still  bave  enough  speed  to  give 
you  certainly  more  than  six  volts. 

Mb.  Rogeecs  : — The  residual  magnetism  of  the  field  is  all  that 
is  used. 

Mb.  Caldwell  : — I  think  the  low  voltage  is  due  to  heavy  re- 
sistance in  the  rheostat. 

Mb.  Kammeyeb  : — It  goes  through  the  rheostat  'i 

Mb.  Rogebs  i-r-Yes.  If  it  depended  entirely  upon  tbe  residual 
magnetism,  that  would  necessitate  cutting  the  field  out,  and  leav- 
ing only  tbe  armature  in  circuit. 

Mb.  Ari^olp  :— I  would  like  to  ask  Mr.  Caldwell  what  the 
E.  M.  F.  of  this  motor  is,  when  converted  into  a  generator  and 
run  at  a.  speed  of  five  miles  an  hour*  Does  it  generate  enough 
volti^  to  pump  any  current  back  Into  the  line,  if  you  gave  it 


T84  SPJSBRT  ON  THE  BLBOTRIO  BRAKB,  [Sept.  !•, 

an  opportunity  t  We  have  talked  and  dreamed  abont  the  pos- 
sibility of  giving  back  energy  to  the  line  on  electric  roads,  bot 
we  have  never  yet  done  it  practically  on  city  service,  and  here 
seems  to  be  a  pretty  good  chance  to  see  whether  it  can  be  done 
or  not. 

Mb.  Caldwell  : — I  am  pretty  certain  that  it  could  not  be  done 
in  this  case  from,  the  fact  that  we  cut  the  trolley  line  entirely 
free. 

Mb.  Abnold  : — Suppose  you  left  it  on  ? 

Mb.  Rooebs: — If  it  were  connected  with  the  trolley  at  all 
would  not  the  larger  potential  sway  as  it  were  ? 

Mb.  Abnold  : — That  is  the  point.  I  do  not  think  that  it  can 
generate  a  strong  enougli  e.  m.  f.  for  a  sufficient  length  of  time 
to  be  effective  wfien  series  motors  are  used. 

Mb.  Rooebs  : — It  would  be  necessary  to  go  above  600  volts, 
and  I  do  not  believe  it  possible  to  generate  more  than  this. 

Pbof.  Stine  : — It  would  have  to  run  faster  as  a  generator  than 
it  did  as  a  motor.  I  would  like  to  ask  the  question  whether  you 
would  like  to  state  just  how  much  wire  is  buried  here  in  this 
brake  coil.  Can  you  ?  What  1  want  to  know  is  the  number  of 
ampere- turns. 

Mb.  Kogebs  : — I  will  make  a  gness,  if  Mr.  Caldwell  will.  I 
think  it  is  about  60  or  70  turns  of  Tf  o.  10  wire.  I  can  get  it  ex- 
actly for  vou. 

Pkof.  Stine  : — Another  thing.  In  the  swinging  of  the  brake 
do  you  have  any  spring  to  ensure  contact  when  not  in  use,  or  to 
keep  approximate  contact.  I  would  like  to  ask  just  here  this 
question  :  How  far  away  the  brake  can  swing  frv)m  contact  with 
tne  wheel  to  be  effective  ?  What  is  the  greatest  distance  ?  I  am 
after  the  end  play  of  the  axle.  How  do  you  compensate  for 
that  to  ensure  the  fact  that  the  brake  will  be  close  enough  to  the 
wheel,  and  through  what  maximum  distance  will  that  brake 
work  ? 

Mb.  Caldwell: — I  could  not  say  what  is  the  maximum 
distance  it  would  work  through,  but  in  my  experience  I  have 
had  the  face  of  the  magnet  removed  almost  a  quarter  of  an  inch 
from  the  wheel.  That  was  due  to  the  collar  on  an  axle  having 
become  loose  and  slipping  off  a  little  and  allowing  the  magnet  to 
fall  away.  Now  it  would  act  effectively  over  that  space  and 
draw  the  magnet  right  up  to  the  wheel. 

Pbof.  Stine  : — Is  it  so  swung  that  its  own  weight  will  keep  it 
up  against  the  wheel  ? 

Mb.  Eooeks  : — No.  It  will  keep  it  away.  It  is  a  little  out  of 
center,  so  its  own  weight  will  tend  to  keep  it  away. 

Pbof.  Stine  : — There  is  never  a  maximum  of  a  quarter  of  an 
inch  allowed  ? 

Mb.  Caldwell  : — No. 

Mb.  Rogebs  : — I  think  we  have  allowed  one-sixteenth. 

Mb.  Qbieb  : — Have  you  any  data  as  to  the  cost  of  replacing 
wheels  when  using  the  ordinary  brake-shoe  ? 
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Mb.  Bogbbs  : — Do  you  mean,  what  will  new  wheels  cost  % 

Mb.  Gbibb  : — When  you  ride  in  a  car  which  has  been  some 
time  in  service,  you  will  hear  the  thump,  thump  of  the  flat  whoeL 
Now,  of  course,  the  replacing  of  those  wheels  is  an  expense.  We 
hare  been  examining  this  brake  as  to  its  electrical  and  mechan- 
ical construction,  bat  it  is  important  to  examine  it  in  its  com* 
mercial  aspect.  The  very  point  you  will  have  to  bring  to  the 
attention  of  those  people  in  Cincinnati  is  this :  You  use  brake- 
ahoes  on  your  cars ;  you  will  have  to  buy  500  of  these  equipments^ 
if  the  Council  find  that  they  are  the  best  thing  in  the  market 
Now  they  reply  that  they  can't  stand  the  expense ;  and  if  you 
can  show  them  that  the  cost  of  replacing  wheels  worn  out  by 
the  action  of  the  ordinary  brake-shoe  on  the  rim,  and  the  cost  of 
replacing  the  brake-shoes  is  more  tlian  the  investment  required 
to  put  on  these  new  brakes,  you  will  put  the  matter  in  a  very 
different  light. 

I  find  that  a  car  runs  55  miles  a  day  on  the  average,  and  they 
make  400  to  500  applications  of  the  brake-shoe.  Now,  tlie  wear 
and  tear  is  considerable  ;  the  grinding  is  considerable,  and  I  sliculd 
judge  from  riding  over  old  equipments  in  Chicago  that  tiie  wear 
on  the  wheels  is  considerable,  and  it  seems  to  me  these  consider- 
ations would  more  than  offset  the  cost  of  new  brakes. 

Mb.  Rogebs  : — That  is  one  of  the  advantages  of  th?  new  brake, 
but  I  learn  in  dealing  with  these  parties  that  it  is  very  hard  to 
convince  them  that  some  new  way  of  spending  money  will  be 
advantageous.  They  become  accustomed  to  the  expenditure  of 
money  in  a  certain  way ;  the  expenditure  of  it  for  wheels  and 
brake-shoes  is  a  known  quantity  with  them,  and  they  ]  rafer  to 
pursue  the  even  tenor  of  their  way;  and  that  old  argument 
must  be  presented  in  a  very  emphatic  manner,  before  it  will 
have  any  weight  with  them. 

Mb.  Gbieb  : — While  any  advance  in  electrical  science  is  of 
advantage  to  the  public  generally,  yet  it  is  also  for  the  welfare 
of  the  electrical  profession  ;  and  when  we  know  of  a  good  thing 
such  as  this,  we  snould  have  such  data  as  will  enalle  us  to  present 
forcible  argument  to  others  for  the  adoption  of  the  improve- 
ments. In  pushing  such  things  forward,  we  are  indirectly  bene- 
fiting  ourselves,  and  we  should  be  able  to  present  our  case 
strongly.  Now,  if  in  discussing  this  particular  matter,  we  could 
aav  to  a  man  that  it  cost  $2,000  or  $3,0o0  a  year  to  replace  car 
wheels,  and  we  have  an  electric  device  that  will  save  a  great 
part  of  that,  we  shall  make  a  good  point.  We  are  not  interested 
pecuniarly  in  this  brake  at  al],  but  we  are  interested  in  the  de- 
velopment of  the  electrical  business. 

Mb.  Kogebs  : — That  was  one  of  the  main  points  in  Mr.  Sperry'a 
mind  in  developing  this  brake :  the  saving  of  car  wheels. 

A  Mkmbeb  : — C^r  wheels  do  not  cost  very  much  now.  Ili3y 
are  pretty  cheap. 

Mb.  BioGEBS :  —The  saving  in  the  wheels  is  said  by  Mr.  Brad* 
ley,  of  Waterbury,  Conn.,  to  be  three-fold.     He  writes  to  our 
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company — lie  has  seventeen  of  these  ejoipments  and  thirty-four 
brakes — ^and  states  that  it  is  his  candid  belief  that  the  wheel  will 
last  three  times  as  long,  using  this  electric'  brake  instead  of  the 
ordinary  hand  brake. 

Mr.  Grier  : — Another  item  of  cost  sometimes  lost  si^ht  of  is 
the  cost  of  changing.  It  always  costs  two  or  three  dollar  to  re- 
move the  old  wheels  and  put  the  new  wheels  on. 

Mr.  Rookrs  : — The  men  in  this  city  wish  to  have  it  demons- 
trated on  their  own  lines  before  they  are  satisfied.  The  saving 
of  money  for  car  wheels  is  an  old  story,  and  it  does  not  have  the 
eflfect  it  might  at  first  be  expected  to  have. 

Mr.  Elbert  F.  Norton  : — My  knowledge  of  street  railway 
practice  is  extremely  limited,  but  there  is  one  point  connected 
with  the  paper  which  lias  not  been  commentea  upon,  and  it  is 
one  which  1  think  would  appeal  very  forcibly  to  a  railway  com- 
pany ;  that  is  tlie  point  of  emergency  stops.  Take  one  accident 
— of  course  the  price  paid  is  never  publicly  known — bat  a  person 
may  recover  $5,00U  dam  iges,  and  it  would  seem  to  me  the  sav- 
ing of  that  $5,000  would  purchase  a  considerable  number  of 
these  equipments. 

Dr.  Walter  Lobach  : — I  wish  just  to  refer  to  the  question 
whether  it  is  possible  to  send  from  a  current  of  500  volts,  energy 
back  to  the  same  line  which  furnished  the  current  for  the  mot^>r. 
I  believe  that  it  is  well  known  that  motors  which  are  nm  at  a 
certain  speed  to  give  a  certain  amount  of  mechanical  energy, 
when  used  as  dynamos  always  need  much  higher  speed  to  fur- 
nish the  same  voltage.  If  one  is  using  shunt  motoi*s-it  may  be 
possible  by  increasing  the  strength  of  the  field  to  increase  the 
tension  so  much  that  current  is  flowing  back  to  the  line,  especi- 
ally if  there  is  added  a  new  source  of  energy  as  is  the  case  when 
cars  are  descending  hills. 

Mr.  Rogers: — I  was  about  to  suggest  that  if  it  were  possible 
to  put  some  "juice"  back  into  the  line  from  each  moving  car, 
if  we  had  a  system  of  that  kind  and  provided  enough  cars 
and  a  sufficient  number  of  hills,  some  erratic  "Pennock"  would 
evolve  a  system  of  street  car  propulsion  without  any  generating 
station  at  all. 

Prof.  Stinb  : — There  is  one  tliought  occurs  to  me  in  regard 
to  the  desirability  of  using  a  portion  of  this  energy  generated  in 
this  machine  when  it  becomes  a  motor.  It  strikes  me  that  the 
mean  effective  pressure  would  exist  for  such  a  small  period  of  time 
that  it  woulJ  be  utterly  impossible  to  think  of  attempting  any 
such  plan.  It  would  strike  me  that  there  is  but  a  moment  when 
you  have  that  effective  pressure,  and  without  some  new  scslieme 
of  distribution  I  believe  it  would  be  impossible  in  any  case  to 
utilize  it  for  that  purpose. 

Mr.  Kammetkr: — I  do  not  think  that  any  engineer  will  qlaim 
to-day  that  a  SCO  volt  motor  when  brought  to  a  stop,  or  virtually 
brought  to  a  s;op,  is  able  to  pump  any  current  back  into  a  500- 
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volt  circuit.  It  seems  to  rae  that  the  counter  b.  m.  f.  that  a  motor 
develops,  would  act  as  resistance  to  the  flow  from  the  trolley. 
There  18  no  doubt  about  that.  And  whether  that  would  be;a 
ffain  or  not  I  do  not  exactly  see.  It  seems  to  me  that  it  woul4> 
Decause  it  would  act  as  a  resistance. 

Pjbof.  Stine  : — I  think  that  unless  the  volts  were  sensibly 
strengthened,  you  could  never  get  up  a  greater  pressure  than 
possibly  ten  per  cent,  less,  say  450  volts. 

I  would  like  tx)  ask  for  some  further  information  as  to  the  part 
assigned  to  the  Foucault  currents.  It  seems  to  me  that  a  very 
high  efficiency  is  claimed  for  them.  In  Table  III  of  magnetic 
adhesion  or  traction,  the  pull  due  to  magnetic  traction  or  adhesion 
is  given  in  the  first  case  as  7.6  pounds.  Now  am  I  to  understand 
that  the  125  pounds  given  in  Column  B  is  what  is  actually 
obtained  with  the  brake,  or  that  the  excess  pull  between  those  two 
is  due  to  the  Foucault  currents.  I  have  not  taken  the  pains  to 
decipher  it  very  carefully. 

Mr.  Rogers': — That  is  my  understanding  of  it. 

Prof.  Stine  : — I  do  not  understand  it.  I  do  not  attempt  to 
dispute  the  figures,  but  it  seems  to  me  to  be  enormous. 

Mr.  Rogers: — On  page  701  Mr.  Sperry  attempts  to  answer 
that.  He  says :  "  By  reference  to  Table  III  the  result  in  re- 
"  tardation  gained  through  the  eddy  or  other  currents  may  be 
"  plainly  seen,  Column  A  indicating  the  retarding  eflfect  which 
"  should  be  expected  from  a  friction  co-efflcient  of  l'»  per  cent. 
"  between  the  lubricated  surfaces  due  to  magnetic  attraction  of 
"  the  lines  actually  circulating,  and  Column  B  indicating  the 
"  values  of  retardation  actually  obtained  on  the  dynamometer." 

Prof.  Stine  : — Now  it  seems  to  mo  that  it  is  a  (question  some- 
what similar  to  the  old  one  that  came  up  when  it  was  claimed 
that  you  could  get  better  traction  from  a  car  using  the  single 
trolley  current  passing  through  the  wheel  to  the  rail.  Tliat 
theory  was  virtually  smiled  down,  but  I  declare  that  these  results 
seem  to  show  that  there  is  something  more  in  that  than  was 
allowed.  Of  course,  the  Foucault  currents  that  would  result 
from  the  fluctuation  of  the  current  might  play  a  greater  part 
than  we  imagine  in  traction. 

Mr.  Rogbrs  : — I  think  the  conditions  are  diflEerent. 

Prof.  Stine  : — They  are  different,  but  they  have  a  similarity, 

Mr.  Rogers  : — Increased  traction  due  to  connection  between 
the  rail  and  the  wheel,  as  you  say  has  been  smiled  down,  but  it 
is  great  if  the  rail  is  magnetized. 

rROF.  Stine  : — I  do  not  say  that  there  is  much  of  it,  but  these 
tables  would  lead  us  to  give  more  credence  to  those  claims  than 
has  been  given.  But  as  I  understand  it,  you  get  your  iron  in 
contact  ana  the  Foucault  currents  dt)  the  rest. 

Mr.  Rogers: — Yes.  But  consider  the  amount  of  surface 
there  as  compared  with  the  impact  of  the  wheel  against  the  rail, 
which  is  almost  infinitesimal. 
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Pnop.  SrmE : — ^Yoii  canH  compare  them ;  they  are  out  of  all 
ratio.  I  simply  wanted  to  know  why  the  part  played  by  the 
Foucanlt  currents  seemed  so  high.  There  mif^ht  be  a  great  deal 
•teid  about  this  device.  If  successful,  it  would  seem  likely  to  do 
for  the  electric  service,  what  the  WestinghoTise  air-brake  did  fet 
l&e  steam  serWce. 

[After  a  vote  of  thanks  to  Mr.  Bogers  for  the  paper  of  the 
evening,  the  meeting  adjourned.] 
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New  York,  October  17, 1894. 

The  doth  meeting  of  the  Institute  was  held  this  date  at  12 
West  Slst  Street,  and  was  called  to  order  at  8  p.  m.  by  President 
Houston. 

The  Secretary  read  the  minutes  of  the  meeting  of  September 
19th,  which  upon  motion  were  approved. 

The  Pbesident  : — The  Secretary  will  please  read  the  names 
of  those  who  have  been  elected  associate  members  at  the  meet- 
ing of  Council  to-day. 

The  Secretary  read  the  following  list : — 


Name. 
00L%  J0HH  R., 


lUvn,  Habol^  MoOill, 

DMWEaq^  Fkanb  J., 
IhnRAir,  Thomas, 

Dunn,  Kinoslbt  G., 
ISTHSEuxn,  Chas.  Lmki, 
Etrs,.M..K., 

Ford,  James  S., 


Addfcst. 
Sales  Agent,  New  York  Insulated 

Wire  Co.,  102  Sacramento  St., 

San  Francisco,  Cal. 
Advertising    Manager,    Eleetrie  ] 

Ihwer,  86  Cortlandt  St.,  N.  Y. ; 

reddence,    912    Clinton    St., 

Brooklyn,  N.  Y. 
Chief     Draughtsman,     Chicago 

Telephone  Co.;   residence,  71 

Potomac  Ave.,  Chicago,  111. 
Electrician,    Laboratory     Fort 

Wayne  Electric   Corporation, 

407  Broadway,  Fort  Wayne, 

Ind. 
Electrician,  Palace  Hotel, 

San  Francisco,  Cal. 

Chicago  Telephone  Co. ; 

residence,  4714  Kenwood  Are., 
Chicago,  ID. 
Assistant  to  Manager  of  Iiamp 

Sales,   General    Electric   Co., 

Harrison,    N.  J.;    residence, 

4*3  S.  Washington  Sq.,  New 

York. 
Electrician,  Chicago  Telephone 

Co..  Engineering  Department, 

Chicago,  111. 
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Endorsed  by. 

Geo.  P.  Low. 
F.  C.  Coh'ille. 
I^dney  Sprout. 
[.  L.  R.  Emmet. 
H.  A.  Foster. 
Joseph  Sachs. 

C.  H.  Wilson. 

A.  V.  Abbott. 
A.  S.  Hibbard. 
F.  8.  Hunting. 

E.  A.  Barnes. 

C.  S.  Bradley. 

Sidney  Sprout. 

Geo  P.  Low. 

Wynn  Meredith. 

R.  H.  Pieroa. 

A.  V.  Abbott 

A.  S.  Hibbard. 

John  W.  Howell. 

W.  D.  Weaver. 

Henry  W.  Frye. 


C.  H.  Wilson. 
A.  V.  Abbott. 
A.  S.  Hibbard. 
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Hadlsy,  Arthuh  L., 

Jones,  Akthub  W., 
Kkllbe,  Chas.  L., 
Labmvd,  Sherwood  J., 
NoxoN,  0.  Per  Lee, 
0*connell,  j.  j., 
Oliybtti,  Camillo, 
Rhodes  S.  Arthur, 

BOTLANCE,  L.  St.  D., 
Sackbtt,  Ward  M., 

Sanderson,  Edwin  N., 

Slater,  Frederick  R., 

Strauss,  Herman  A., 

Total,  21. 


Asftistant  Electrician   to   Chief        E.  A.  Barnes. 

Electrician  and  Gen'l  Sup't,      F.  S.  Huntings 

Fort  Wayne  Electric  Corpora-        A.  L.  Searles. 

tion,    149   Griffith    St.,   Fort 

Wayne,  Ind. 
Representative  for  So.  Africa,  John  W.  Kirkland. 

Ucneral   Electric    Co.,    Port       Maurice  Oudin. 

Elizabeth,  So.  Africa.  Theodore  Stebbios. 

Chicago  Telephone  Co.,  C.  H.  Wilwn,. 

Chicago,  111.  A.  V.  Abbott. 

A.  S.  Hibbaid. 


Electrical     Engineer,     Chicago 
Telephone  Co.,  20:*  Washing- 
ton St.,  Chicago,  111. 
Contracting  Electrical  Engineer, 
628  Mission  St  , 

San  Francisco,  Cal. 
Telephone     Engineer.    Chicago 
Telephone  Co. ;   residence,  76 
Eugene  St.,  Chicago,  111. 


C.  H.  Wilson. 

A.  V.  Abbott. 

A.  S.  Hibbard. 

Geo.  P.  Low. 

Sidney  Sprout,. 

F.  C.  ColYille. 

C.  H.  Wilson. 

A.  V.  Abbott. 
A.  S.  Hibbard. 


Ingegnere     Indostriale,     lYrea,  Wm.  J.  Hammer. 


Italy. 


R.  N.  Baylis. 
Ralph  W.  Pope. 
C,  H.  Wilson. 
A.  V.  Abbott. 
A.  S.  Hibbard. 


Electrician.  Chief  Testing  Dep't, 

Chicago  Telephone  Co.,  Chi- 

CHgo,    III.;   residence,  429  N. 

Pine  Ave..  Austin,  ill. 
Electrical  Engineer,  with  W.  L. 

Brown,  2636  Howard  St.,  San 

Francisco,  Cal.  Fred'k  G.  Ca'rtwnght 

Assistant    Chief    Draughtsman,        C.  H.  Wilson. 

Chicago  Telephone  Co.,  resi- 
dence,  8249  Groveland  Ave., 

Chicago.  III. 
Xew  England  Manager,  Westing. 

house  Electric  Mfg.  Co  ,  020  -W.  K.  Arohbold. 

Atlantic  Ave.,  Boston,  Mass.;  C.  A.  Terry. 

residence,  Newton  Centre,  Mass. 


Geo.  P.  Low. 
Sidney  Sprou^^ 


A.  V.  Abbott. 
A.  S.  Hibbard. 

F.  B.  H.  Paine. 


Assistant  Superintendent  of 
Buildings  and  Grounds, Colum. 
bin  College;  residence,  ItSW. 
48th  St.,  N.  Y.  City. 

Electrical  Engineer.  Westing-' 
house  Electric  &  Mfg.  Co..  29 
Plane  St.;  residence,  10  Clay 
St.,  Newark,  N.  J. 


Frederick  Bedell. 
Harris  J.  Ryan. 
0.  P.  Matthews. 

Philip  A.  Lange. 
Chas.  F.  Scott. 
0.  B.  Shallen- 
berger. 


In  the  absence  of  the  author  the  Secretary  announced  the 
title  of  tlie  first  paper  before  the  meetinj^  upon  "  The  Theory 
of  Two  and  Three-Phaae  Motors,"  by  Lieut.  Samuel  Eeber, 
of  Fort  Riley,  Kan.  ' 


A  fmMr  pr«*ettUd  m  tJU  NinHeth  Meeiing  tf  tk* 
Amtricmm  InsiUuU  ^  Electrical  Engineers^ 
Nrm  Yorky  fimuUnl  Houston  in  tJU  Chair ^  and 
Chicago^  Lieut  Smmmui  Rcdm  n  in  the  Ch  ir^ 
October  lyth^  rSi^. 


THEORY  OF  TWO  AND  THREE  PHASE  MOTORS, 

BY   LIEUT.    SAMUEL   BEBEB. 

The  complete  mathematical  Bolution  of  the  two  and  three 
phase  motors  with  the  coefficients  of  self-induction  as  variables^ 
and  the  effect  of  magnetic  leakage  taken  account  of^is  extremely 
difficult,  if  not  impossible.  But  an  approximate  solution  in 
which  the  change  of  magnetic  properties  of  the  iron  and  mag- 
netic leakage  are  neglected,  the  coefficients  of  self-induction 
considered  constant,  while  the  mutual-induction  between  the 
armature  and  field  circuits  follows  a  sine  law,  and  the  field  sup- 
posed to  be  without  projecting  pole-pieces,  is  quite  easy.  We 
will  then  proceed  to  the  solution  with  these  assumptions,  remark- 
ing that  the  two-phase  formulse  are  those  of  Professor  H.  A. 
Rowland,  while  the  three  phase  formulse  and  tables  are  our  own. 

Use  the  following  notation: 

Z Coefficient  of  self-induction  of  one  armature  circuit.  • 

Z' Coefficient  of  self-induction  of  one  field  circuit. 

c'  c"  c'"  Field  currents. 
Cf  c^,  Cff,  Armature  currents. 

E, Maximum  e.  m.  f.  applied  to  field  circuit. 

p  and  p'  are  Maxwell's  electro-kinetic  momenta  of  one  armature 
and  one  field  circuit. 

h 2  ;r  times  the  complete  periods  of  field  circuit. 

f 2  ;r  times  the  complete  periods  of  armature  circuit. 

I? Angular  position  of  the  armature. 

!£.....  Maximum  value  of  coefficient  of  mutual-induction  be- 
tween a  field  and  an  armature  circuit 

V. Velocity  of  rotating  field 

V Velocity  of  rotating  armature. 
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jl Length  of  one  complete  wave   of    magnetization  or 

angular  distance  subtended  bj  four  (or  six  in  the 
case  of  three-phai-e)  poles. 

/ Impedance  of  one  armature  circuit. 

/' Impedance  of  field  circuit. 

(7  0 ... .  Maximum  currents  in  one  field  and  armature  circuit. 

R  R\ . .  Armature  and  field  resistance. 

^  and  if.  Lag  in  the  two  circuits. 

We  may  write  at  once  the  following  equations : 

Two-phase.  Three-phase. 

c'  =  C'cos  (J  t  +  i>\         c'    =  (7  cos  {h  t  +  ip). 
c'  =  (7  sin  {h  t  +  i^).  c"'  =  (7  cos  (ft  ^  +  ^  +  120). 

c,-ccm{ft  +  f).        c'"  =  (7  cos  (ft  ^  +  ^  +  240), 
e^^  cATi(f  t  +  f).         0,    =  c  cos  (/  ^  -f  jp). 

c^   =ocos(/^  +  y  +  120), 
0,,  =  o-  COS  (/  ^  +  f  +  24(0- 
The  angular  position  of  the  armature  at  any  moment  will  be 
a  &  where  a  =  ■— ,  and  in  the  case  of  the  two-phase  motor  t^e 

mutual-induction  between  one  armature  circuit  and  the  two  field 
circuits  adjacent  will  be  M  go%  a&  and  M  sin  a  &^  and  for  tYte 
other  armature  circuit  will  be  —  Jf  sin  a  «?  and  JTcos  a  #,  For 
the  three  phase  they  are  Jlf  cos  a  (>,  Jf  sin  (1 50  —  a  if),  M  sin 
(810  —  a  t>),  and  Jf  cos  (a  *  +  120),  Jf  sin  (210  —  ad\M  mh 
(2T0  —  a  &). 

Fovp  and  p  we  have  for  the  two-phase 

p  :si  L  c,  +  M  c'  COS  a  ^  -4"  M  c"  sin  a  t>, 
p'       U  c'  +  Mc^  cos'a  &  —  M  c^Avl  a  #, 
substituting  and  reducing  since  ht  —  ft^ad-. 

p  =  Z    CQO^{f  t  +  if)  +  M  Ceos  (f  <  -^  ^), 
y  =  L'  (7 cos  (ft  ^  +  ^)  +  Mc  cos  (ft  t  +  f). 
For  the  three-phase 

p  =  Z  ccoB(ft  +  f'\'{'lJli  Oco%(ft  +  ^\ 
p'  :=z  Z  (7  cos  {h  t  +  ^)  +i  Mc  cos  {bt  +  f). 
For  the  two-phase  motor^  the  equations  for  tl>e  other  two  circuitB 
are  the  same  as  the  first;  except  sine  is  substituted  for  cosine.  In 
the  three-phase  the  values  will  differ  hy  120  degrees  in  the  cosine 
functions.  Passing  to  the  exponential  form^and  in  the  two-phase 
system  multiplying  tho  sine  values  by  ^\  the  imaginary  unit,  and 
adding,  Maxwell's  equations  become 


ISM.]        MSBXa  ON  TWO  AND  THRKE  JmABV  MOTOBS.  7t» 


i{bt  +  ^)       ..  iht 


If  a  condenser  of  capacity  q  be  added  in  series  to  the  armature 

circuit,  L  will  be  changed  to  Z  —  -j— . 

Substituting,  differentiating  and  reducing  equations  (1)  and  (2) 
for  the  two- phase  reduce  to 

[i?  +  »(i:/-^)]  .**'+i/Jf  ^e*^  =  0.         (3) 

iIi'-\-ibZ')t      +%Mh±B      =|.,  (4> 

i  (p 
divide  (3)  by  e      and  reduce  we  have 

iiip—<p) 
since  e  =  cob  (^  —  y>)  <  +  sin  (j5  —  <p)  we  have  at  once 

cos(^-,)  =  -(z/-J-)^,  (5) 

Bin   (^-^)=Ji^^^,  (6) 

Ji 

tan  (^-y,)  =  -— — ^  (7) 

Squaring  and  adding  (5)  and  (6)  and  reducing,  we  may  write 

c_ Mf  _  Mf 

Eliminating  e      from  (3)  and  (4),  and  writing 
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we  have 


hence, 


—  ^  A  J 

C"^^  ^  (10) 

81D    W  =  — =  —         -■> 

^       ^»  +  B^  *  /1»  +  B" 

-C^^  B        ,  (11) 

cos  0  := — =  —     —  -   —  ^      ' 

^        A^-\-  B"  VA*  +  B* 

Squaring  (10)  and  (1 1),  and  addinir  and  redncing 

E       i/A^  +  B" 

0=—/ •  (12) 

Solving  (5)  and  (6)  by  aid  of  (10)  and  (11) 


sin  ^  = 


1  VA*  +  B' 

,       ^^+(-^/-f,)-g/,  (14) 

COS   (j)  =: ''   ^ 


I  VA'^  +  Ji' 
For  the  three-phase  by  the  same  method  of  solntion 


».^ ^ fid <«) 


«•<"-")= 3-^(^-^- A)-      <"" 

tan  (^  —  ^)  =  ^ 


^       2  V^_(Z;/-    L)'  "  "2T-  (17) 
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B  =  hL' R  +  f  R' (l--^. 

^  AT 

C^^                      ^        ,  (18) 

^^^                       -g  (19) 

tany,  =  ^.  (20) 


V'  I         ' 


.     ,       Af{L-jr-^BR 

sin  tS  = 5^ J    ^' • 

I  i/A'  +  Bf 


(21) 
(22) 


AR  +  Bf{Z--^^- 


tan  ^  = ^ /!/i — .  (24) 


In  the  case  of  the  two-phase  motor  the  total  work  donft  on  the 
motor  will  be 


AR  +  Bf(z-^) 
EG^i,  =  E* ^,^\     f^' 

ar-\-b  +  (l  —  J.) 
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The  current  heating  in  the  field  circnits  is 


(25) 


•-  •  _    IT 


=  i  ^»  i?'  +  i  C^  J?^  =  C^*  J?'. 
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Likewise  for  the  armature  oircaits  the  beating  is  C^  B. 

\        A^  +  B*       / 

The  total  energy  transformed  into  mechanical  work  less  the 
hysteresis  loss  in  the  fields  is: 

^-gcos^-(o>i?+g>i?o=^'^'^-^;^^^r'^      ^2^ 

_^7?JfV(ft-/) 

The  ratio  of  this  to  the  (j*  -ff  loss  of  the  armature  is     ~^ 

/ 

(when  no  condenser  is  used)  or  -^^ — ,  hence  the  armature  effi- 

V  —  V 

eiencj  is  ^,  when  hysteresiB  loss  in  the  field  is  neglected. 

In  the  three-plia«e  motor  the  work  done  bj  the  currents  on  the 
iDOtor  is : 

AB  +  B/U-^) 

AB-{-Bf(L  —  ^) 
The  carrent  heating  is : 

_  8E*  /9M*f*B  +  4B'I*\ 
8     \  A^-\-  B"  / 

The  total  energy  transformed  in  the  armature  less  the  hystere- 
sis loss  in  the  fields  is : 

IJECcos^  —  |(<!»i?+^i?') 

_  2Tp,BM*f{b-f  _  27  fy,  B  Jff(b-f) 

and   the  ratio  of  this  to  the  <^  B  loss  in  the  armatpre  is  as 
before     ~-^. 
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The  angular  torque  is  equal  to  the  work  divided  by  the  veloc-  - 
ity,  and  is  in  the  case  of  the  two-phase  motor 

^  T  irr^  "^  H 7^' 

and  for  the  three-phase 

T  T  ^  A^  +  B^  ~  T  ^  T  ~7^  • 

The  starting  torque  can  be  increased  by  changing  either  the 
resistance  or  condenser ;  representing  the  quantities  as  starting 
by  the  sub  o,  we  have  the  ratio  of  the  starting  torque  to  the  run* 
ning  torque  as  follows  for  both  cases : 

7;  _  E^'  Bo  b{A'  +  B^  _  Co'  Bq  b  P 
T  "  E'B?f(A^-\-B^)  ~  E'lP  fl^' 
At  a  certain  speed  the  torque  is  a  maximum,  and  the  motor^ 
if  pushed  in  its  work  beyond  this  speed  will  stop.  To  prevent 
this,  the  motor  should  not  be  pushed  to  a  point  more  than  half 
the  maximum  torque.  This  speed  will  be  given  by  finding  what 
value  of  f  will  make  Ta  maximum,  and  there  will  be  two  solu- 
tions depending  on  whether  jS'or  (7  is  constant.  To  simplify  the 
solution  make  the  following  abbre'\'iations : 

Z-Z-     ^  I -Z- ^ 

^"r-f     '-h    -■=re    ^'- = -»^' =  5X" 

then 


i       p  L'  {{K  ^'  —  1  +  m»)»  +  jr»  +  ^♦l' 

IT  (work)  =  C'  KMlJh-f) 

™  ■ Km? h — f 

~        L'  [(if  ^'  —  1  +  m*)»  +  ^  +  K''^  ~F~' 

For  the  three-phase  the  same  solution,  except  rr?  =      -~ 
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the  torque  reduces  to  this  form 


272jr  ^M^       K 


8     X  I     ^+  1 

_27  2;r   jp^  K  w? 

"T    >l  V  L'  \_{KK'—  1  +  my  +  K^  +  jST'^J' 

It  is  evident  from  the  Bimilarity  of  the  formulse  that  the  two 

and  three  phase  motors  have  the  same  properties  and  differ  only 

in  the  constants,  hence  what  follows  will  apply  to  both  kinds  of 

moton?. 

Constant  Ourrknts. 
T  is  a  maximum  when 

/» -  ^  _  _L  ±  \/JL  +  iirz~Ex 

'^    ~  2X2         Lq"^    ^  B^^  \L  q         2  LV  ' 
If  there  is  no  condenser  we  have  at  once  the  condition  for 
maximum  torque 

B  =  f  L, 
Consequently  the  armature  resistance  must  be  adjusted  till  the 
condition  is  fulfilled  to  obtain  the  maximum  torque.  The  maxi- 
mum torque  can  be  obtained  at  starting  by  a  proper  resistance, 
as  at  starting  /'  =  h.  The  armature  velocity  fbr  maximum 
torque  in  terms  of  the  rotating  field  velocity  is : 

F (i --\\/^z~jr±\n  -A  _:^ 

V        J       2Z2        L  q^        Rq\       L  q        2  W 

When  b  L — -ff=0  the  torque  is  a  maximum  at  the  start  and  will 
decrease  rapidly  as  the  speed  increases,  likewise  when  b  Z  <i  £ 
the  torque  at  the  start  is  greatest  and  will  decrease  rapidly  as  the 
speed  goes  up.  Such  motors  will  start  well,  will  have  a  low 
efiiciency  and  will  regulate  poorly  as  the  decrease  of  torque 
will  increase  if  speed  is  too  slow.  When  b  Z  >  JS  the  point  of 
maximum  torque  comes  near  the  point  of  maximum  speed,  giv- 
ing good  regulation  but  they  will  have  poor  starting  qualities 
unless  resistance  is  introduced  at  the  start  and  then  cut  out. 
The  maximum  value  of  the  torque  when/  Z  =  ^  is 

X       2Z" 
for  the  two,  and 

27  2;r  C' JiP 

8  T      2Z 
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for  the  three-phafie  motors  which  is  independent  of  the  speedy 
and  depends  only  on  the  proper  adjustment  of  the  armatnre  re- 
sistance. 
The  equations  of  torque  with  no  condenser  reduce  to 


Fig.  1. 


for  the  two-phase,  and 


rp  __^  ^T  2i  Tt  /"f2  jyt " 


8    ;. 


K 


for  tlie  three-phase.     The   variable   part,  of  which   is    ^j . 

which  may  I>e  put  in  the  form 
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Representing  the  value  of  V  by  unity,  and  expressing  the 
torque  in  terms  of  the  maximum  as  unity  we  have  the  fol- 
lowing table : 


TABLE  I. 

« 

JT,  =1 

1^0=* 

1^0  =  A 

^•  =  i 

jro  =  A 

jro  =  3 

V 

T. 

r. 

7. 

r. 

r. 

r. 

0.0 

I.OO 

.80 

•55 

.38 

.ao 

.io 

I 

:?? 

•85 

.60 

•4* 

.aa 

.75 

a 

.90 

.66 

.47 

•3a 

•& 

3 

4 

•  :a 

^ 

Z 

:g 

.6a 
•55 

1 

.80 

1.0 

.88 

.69 

.38 

5 

.69 

:ll 

.96 

.80 

.47 

I 

9 

.•0 

1.0 

.93 

t.o 

.80 

.60 
.80 
x.o 

•9 
.ao 
.10 

I.O 
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Taking  the  safe  working  torque  at  .6  the  maximum  torque,  the 
value  of  ^  will  be  for  the  various  values  of  K^  as  follows : 

K,  =  2,  -^  =  .48;  A,  =  1,  ^  =  .73;  iT.  =  i,  ^  =  .87; 


-^  ^  A»  "p  ""  '^^j  ^  —  ii  -p-  —  -^^ ;  -^o  —  tV'  -p^  = 


.97- 


The  ratio  ^  likewise  gives  the  armature  efficiency  and  conse- 
quently Kq  should  be  as  small  as  possible,  and  ought  not  to  be 
greater  than  about  -^.  even  in  small  motors.  The  diagram  showa 
the  necessity  of  a  starting  resistance  in  high  efficiency  motors  and 
the  way  they  regulate.  Fig.  2  shows  some  curves  of  three-phase 
motors  built  by  Steinmetz,  and  described  by  him  in  the  March 
Transactions  of  this  year. 

If  the  condition  of  maximum  torque  is  satisfied,  the  ratio  of 
starting  to  working  torque  with  constant  current  does  not  depend 
on  the  frequency,  but  only  on  the  working  out-put  which  can 
only  be  increased  bj^  change  of  size  and  not  design. 
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If  the  motor  is  forced  beyond  the  point  of  maximum  torque 
it  is  not  only  liable  to  stop,  but  to  make  the  starting  torque  by 
comparison  smaller.     For  a  given  current  the  maximum  torque 

and  work  depend  on  the  ratio  of  -=r-.     If  there  is  no  magnetic 


leakage  2P  =  L  L'^  L"  being  that  part  of  the  field  self-induc- 
tion interior  to  the  machine,  L  therefore  cannot  be  diminished 
without  decreasing  the  output  or  increasing  L"  at  the  same 
time.  If  the  field  be  increased,  the  same  output  can  be  obtained 
with  a  smaller  value  of  Z,  but  this  increases  the  electromotive- 
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force  and  does  not  change  the  propertie^^  as  these  depend  on  the 
ratio  K^  and  not  on  the  self  induction  and  resistance  alone.  If 
there  is  leakage  as  there  always  is,  M^  <^  L  U  which  reduces 
the  output. 

Condenser  in  Armature  Cikcuit. 
The  ratio  of  the  torque  of  a  motor  with  a  condenser  in  the 
armature  to  one  without,  is 


^+•''(^-77)' 


whose  maximum  value  is  1  + 


K^ 


This   maximum  by  proper 


adjustment  of  the  condenser  can  l>e  thrown  at  any  value  of  the 
armature  velocity.     The  value  oi  f  which  makes  the  above  ratio 

a  maximum  is  f^  =  o"T~    (^  +   ^2  JR^  Z!^  q  -{-  Z*),   hence   by 
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adjusting  the  value  of  q^f  can  be  made  anything  we  please. 

Calling  the  maximum  starting  torque  without  a  condenser  /, 
the  starting  torque  with  a  condenser  is 

2h  L  li 


IP 


+--(^-A)' 


times  as  great,  and  will  be  a  maximum  when  Z  =  — —  which  re- 

duces  the  factor  to  -=^.   This  can  have  a  large  value  if  the  resist- 

ance  of  the  armature  is  small.     Thus  we  see  that  the  starting 
torque  can  be  increased  without  changing  the  resistance,  and 
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this  increase  of  torque  is  obtained,  not  by  increasing  the  cnrrent 
in  the  field  circuits,  but  only  in  the  armature.     When  the  con- 
dition L  =  ^- —  is  satisfied,  the  torque  at  any  velocity  with  a 
V  q 

condenser  is  using  the  same  unit  as  before 

2ir 
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and 
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To  illDstrate,  let  ue  take  the  ease  where  K^  =  ^,  and  compare 
.  it  with  the  same  caee  without  a  condenser,  the  general  formnla 


n 


in  writing  for  y,  — —  is 


2K 


^+j-\'p)' 


Table  11.  is  calculated  by  this  formula. 

The  curves  show  that  the  condenser  has  only  a  local  effect  on 
the  torque  and  a  small  change  in  velocity  renders  it  useless, 
though  this  defect  could  be  overcome  by  a  variable  condenser. 
The  advantage  is  that  the  motor  can  be  run  at  a  slow  speed  with 
increased  torque  without  overheating.     As  the  field  current  has 
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been  supposed  to  be  constant  there  is  no  extra  heating  of  the 
field  circuits ;  this  will  require  special  means  for  keeping  the 
field  current  constant.  By  use  of  a  variable  condenser  the  speed 
can  be  made  to  increase  to  any  extent  up  to  synchronism  and 
there  is  no  overheating  at  low  speeds,  or  waste  of  power  by  the 
insertion  of  resistance  to  increase  the  torque.  A  variation  of  the 
capacity  from  oue  to  four,  changes  the  armature  speed  from  zero 
to  one-half  of  the  rotating  field  velocity  and  an  increase  of  con- 
denser capacity  to  25  varies  the  armature  to  80  per  cent,  of 
synchronism  at  the  point  of  maximum  torque. 

Constant  E.  M.  F. 

Neglecting  the  change  of  the  magnetic  properties  of  the  iron 
at  high  magnetization,  the  torque  and  work  of  the  motor  vary  at 
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the  square  of  the  field  current.  With  constant  k.  m.  f.,  when 
the  motor  is  at  rest  or  just  starting,  the  current  is  very  large  and 
if  there  are  other  motors  or  lamps  in  the  exterior  circuit,  they 
are  rendered  unsteady  at  the  moment  of  starting  of  the  first 
motor,  this  however  may  be  corrected  by  a  secondary  trans- 
former.    The  formulffi  for  the  current  and  torque  for  ^constant 


are 


hL'      {KK'  —  1  +  m»f  ■^rK^-\-K'^ 
for  the  two-pliaee,  and  * 


1  A 

~ 

-    1  -A 

1 

1 

L 

1 — 

-■- 

— 

— - 

yi 

=^ 

, 

! 

t. 

/vv-. 

^— . 

S> 

^ 

N 

.8 

.7 

3.6 

\        \        \       . 

"^ 

^ 

< 

^ 

^ 

k 

1          ^ 

-^ 

^ 

\, 

^^ 

\ 

^ 

^ 

5 

•^ 

^X 

\ 

\ 

^ 

«^ 

s. 

\ 

\ 

C.6 

"--, 

/ 

\ 

\ 

\ 

\ 

.8 
.2 
.1 

1 

'^ 

"-- 

\i 

\ 

\ 

^ 

\ 

V 



■^ 

\ 

\^ 

^ 

*N 

V 

^ 

SPEED 
Pig.  4. 


T—  —E^ 


2;r 


K^  +  1 


8  "      XV  L'^  {KK'  _  1  -f  m^»  +  ^  +  K''^ 
for  the  three-phase. 

To  keep  down  the  heating  of  the  fields,  the  field  resistance 
must  be  small,  hence  K'  must  be  small  compared  with  unity. 
When  the  self-induction  external  to  the  machine  in  the  field  cir- 
<suit  and  the  magnetic  leakage  are  small,  ir?  is  very  nearly  equal 
to  unity.  There  is  always  some  self-induction  in  the  dynamo  or 
transformer  so  that  n^  is  rarely  less  than  i,  for  a  transformer  equal 
in  self-induction  to  the  motor  rr^  =  \,   If  there  is  no  condenser, 

the»torque  is  a  maximum  for  K  =  ^^^ ^,  hence  K 
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must  vary  from  0  to  i,  which  gives  JS  varying  from  0  to  J  /'  L. 
as  the  condition  of  maximum  torque.  The  added  starting  resist- 
ance must  be  less  than  in  the  case  of  constant  current. 

Table  III.  and  curves,  show  the  variation  of  current  in  the 
field  circuits  and  the  torque  when  the  field  resistance  is  changed, 
but  jff^  =  ^  for  the  armature :  tw^  is  taken  at  .75  the  torque  is 
expressed  in  terms  of  the  maximum  as  unity. 

To  show  the  effect  of  changing  the  armature  resistance  I  have 


taken  the  case  where  Ji''   =  .2 


7/1" 


=  .75  and  calculated  for 


Ko  =  3^5  W>  tV  ^^^  ^'     "^^^  value  of  ILq  =  ^\  gives  the  maxi- 
mum at  the  start  (see  Table  IV.  and  curves). 

We  may  conclude  that  the  two  and  three-phase  motors  have  in 
general  the  same  properties,  and  that  the  most  important  rela- 
tion is  that  of  li  to  /  Z.     The  lower  the  field   and  armature 
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resistance  are,  the  higher  the  efficiency  of  the  armature  and  the 
nearer  to  synchronism  is  the  point  of  maximum  torque.  We 
see  that  high  efficiency  motors  require  a  starting  resistance,  and 
that  in  such  motors  the  torque  can  be  readily  regulated  by 
axijustment  of  the  armature  resistance  and  we  are  enabled  to 
throw  the  point  of  maximum  torque  at  any  speed  we  desire.  It 
is  likewise  apparent  that  the  smaller  the  magnetic  leakage  the 
more  efficient  the  motor. 

If  the  frequency  is  supposed  to  vary,  the  speed  and  output  are 
greatly  changed.  £0  varies  inversely  as  the  frequency,  so  the 
motor  is  improved  for  higher  frequencies  as  far  as  this  relation 
effects  it.  Increasing  the  frequency  71  times  in  a  motor  without 
a  condenser,  the  velocity  will  be  increased  n  times,  ITq  decreased 
n  times,  the  maximum  torque  is  not  affected,  while  the  hystel^esis. 
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is  increased  n  times  nearly,  the  output  of  the  motor  will  be 
increased  nearly  n  times  if  the  motor  is  run  at  a  given  percentage 
of  the  maximam  torque.  Hence  it  is  an  advantage  to  increase 
the  frequency  till  the  hysteresis  heating  becomes  too  great, or  the 
motor  runs  too  fast.  If  the  efHciency  is  to  be  kept  constant,  the 
work  will  then  vary  as  n^  and  the  field  and  armature  currents 
will  be  increased  Vn  times.  Hence  increase  in  speed  gives  an 
advantage  in  output  till  the  machines  begins  to  ov^erheat.  With 
a  condenser  the  same  facts  hold,  but  with  this  advantage  that  an 
increase  in  the  frequency  greatly  reduces  the  size  of  condenser 
necessary.  A  high  frequency  motor  will  weigh  less  than  a  low 
frequency  one.  When  the  clearance  is  large,  the  advantage  of 
high  frequency  motors  is  not  so  decided,  and  if  very  large  the 
low  frequency  motors  are  better  if  weight  is  no  consideration. 
The  higher  frequency  motor  will  contain  less  iron  and  more 
copper.  If  we  vary  the  size  of  the  motor,  keeping  the  magneti- 
zation constant,  output  and  hysteresis  vary  directly  as  the  weight; 
the  heating  of  the  field  and  armature  circuits,  directly  as  the 
increase  of  size. 
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DisGirssiON. 

Dk.  M.  I.  PupiN : — Mr.  President,  I  read  with  much  pleasure 
this  very  interesting  paper  of  Lieutenant  Reber,  and,  in  the  ab- 
sence 01  the  writer  himself,  I  venture  to  present  his  case  by  a 
few  remarks  which  are  intended  as  an  introduction  into  the  dis- 
cussion of  the  subject  matter  of  this  paper.  I  hope  that  the 
discussion  itself  will  be  taken  up  by  others  who  have  a  better 
practical  knowledge  of  the  subject  than  I  have. 

One  thing  which  struck  me  as  particular^  meritorious  in  this 
paper  is  the  method  by  which  the  proposed  problem  is  treated. 
The  author  states  clearly  the  problem  before  him,  namely,  the 
theory  of  the  two  and  three-phase  induction  motors,  and  the  con- 
ditions for  which  he  proposes  to  discuss  the  solution  of  the 
problem.  He  then  proceeos  from  the  very  fountain-head  of  the 
solution  of  all  problems  of  this  class,  namely,  from  Maxwell's 
equations,  whicn  are  given  on  page  733,  under  (1)  and  (2),  A 
rather  interesting  aspect  of  Maxwell's  eouations  (1)  and  (2)  pre- 
sents itself  to  my  mind,  and  with  your  Kind  permission  I  snail 
mention  it.  They  correspond  to  Newton's  second  law  of  motion 
in  mechanics.  This  law  states,  as  is  well-known,  that  the  rate  at 
which  the  momentum  of  a  moving  body  varies  is  equal  to  the 
effective  force.  Similarly,  so  Maxwell's  equations  tell  us,  that  at 
which  the  electro-kinetic  momentum  of  an  electrical  circuit  varies, 
is  equal  to  the  effective  electromotive  force.  The  analogy  is  com- 
plete. One  of  the  great  merits  of  Maxwell's  method  of  presen- 
tation is  the  strong  emphasis  of  the  analogy  between  the  funda- 
mental relations  which  underly  the  phenomena  of  electrical 
current  and  those  of  mechanical  motion. 

The  electro-kinetic  momentum  of  an  electric  circuit  must,  of 
course,  be  calculated  first.  This  is  done  on  page  732.  There  we 
have  p^  the  electro-kinetic  momentum  of  one  of  the  armature 
circuits,  and  pi  the  electro-kinetic  momentum  of  one  of  the  field 
circuits.  The  electro-kinetic  momentum  is  simply  the  total  num- 
ber of  interlinkages  of  thema£;netic  linesof  induction  which  thecir- 
cuit  has.  The  rate,  then,  at  which  these  interlinkages  vary,  is  equal 
to  the  impressed  electromotive  force,  minus  the  passive  resistinff 
force  due  to  ohmic  resistance.  This  part  of  lieut.  Rebers 
paper,  though  it  occupies  two  pages  only,  is  by  far  the  most 
dimcult,  and  the  difficulties  have  been  overcome  by  a  method 
of  the  Maxwellian  school.  The  remaining  part  contains  the  working 
out  of  the  several  details  of  the  solution,  and  is  necessarily  moulded 
with  due  deference  to  practical  considerations. 

These  considerations  contain  questions  referring  to  the  power, 
the  efficiency,  and  the  torque.  These  are  the  three  most  impor- 
tant elements  in  our  study  of  the  working  of  a  motor,  and  to 
these  Lieut.  Reber  devotes  his  attention  in  the  remaining  part 
of  his  paper. 

Now,  to  calculate  the  power  we  must  know — in  alternating 
currents — not  only  the  current  and  the  electromotive  force  cur- 
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rent,  bat  also  the  difference  in  phase  between  them.  The  im- 
pressed electromotive  forces  bein^  given,  we  have  to  calcnlate 
from  Maxwell's  equations  (1)  and  (2)  the  currents  and  the  dif- 
ferences in  the  phase  between  the  currents  and  the  impressed 
electromotive  forces.  Lieut.  Reber  simplified  the  problem  in  the 
following  way  :  he  eliminated  hysteresis,  Foucault  currents  and 
magnetic  leakage.  That  allowed  him  then  to  express  the  steady 
state  of  the  currents  by  the  same  mathematical  functions  as  the 
impressed  electromotive  force;  that  is  simple  harmonics  given  on 
p.  732. 

Next  comes  the  calculation  of  the  difference  of  phases  between 
the  currents  and  the  impressed  electromotive  forces,  which  is 
done  from  equation  (3)  to  (24).  The  power  supplied  to  the 
motor  is  there  calculated,  and  subtracting  from  this  the  value  of 
heat  losses  gives  the  power  transformed  into  mechanical  power, 
which  divided  by  the  armature  speed  gives  the  torque,  p.  736. 
Mechanicalpower  obtained  divided  by  electrical  power  supplied, 
gives  the  efficiency  (p.  737J. 

The  torque  of  an  mduction  motor,  and,  for  that  matter,  of  any 
other  motor,  gives  the  practical  engineer  more  anxiety  than  any 
other  element.  He  is  quite  willing  to  sacrifice  a  considerable  part 
of  even  the  efliciency  tor  the  sake  of  the  torque.  Lieut.  Keber 
does  well  to  devote  a  very  large  j)ortion  of  his  paper  to  this  side 
of  the  question.  His  method  of  investigating  this  point  is  very 
clear  indeed.  It  is  a  priori  evident  that  in  an  induction  motor 
the  torque  at  any  moment  will  depend  on  the  respective  values 
of  the  currents  in  the  artnature  and  in  the  field,  and  also  on  the 
differences  in  the  phases  between  them,  that  is  practically  on  the 

{>hase  of  the  armature  current,  hence,  if  we  are  to  vary  the  torque 
or  a  given  armature  speed,  we  can  do  it  by  varying  the  phase  of 
the  armature  current.  That,  it  seems  to  me,  is  self-eviaent  and 
needs  no  mathematical  discussion. 

Now  there  are  only  three  ways  by  means  of  which  we  can  vary 
the  phase  of  the  armature  current ;  that  is,  the  f  requencv  of  the  ar- 
mature current  being  given,  we  can  vary  the  plwise  by  varying 
one  of  the  three  fundamental  quantities  of  the  armature  circuit, 
that  is,  capacitv,  self-induction,  or  resistance.  A  variation  of  the 
self-induction  is  out  of  the  question  as  a  simple  consideration  will 
show.  Then  there  are  left  their  resistance  and  capacity.  The 
torque  therefore,  of  an  induction  motor  can  be  varied  at  any 
given  speed,  by  varying  the  resistance  of  the  armature  or  the 
electrostatic  capacity.  The  phase  depends  on  the  ratio  between 
the  reactance  and  the  resistance.  Hence,  if  we  choose  to  leave 
the  reactance  constant,  the  only  thing  to  vary  then  is  the  resist- 
ance. If  however,  the  armature  circuit  contains  a  condenser,  then 
the  reactance  may  be  varied  without  varying  the  self-induction  or 
the  resistance.  T?his  ratio  of  reactance  to  resistance,  must  have  a 
perfectly  definite  value  if  we  are  to  have  a  maxiinnni  torque  for 
a  given  speed.     It  is  this  ratio  which  the  author  calls  K^  and 
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he  points  out  very  distinctly  indeed  that  this  quantity  is  one  of 
the  most  important  ones  to  consider,  at  any  rate  looking  upon 
the  motor  in  the  light  in  which  he  proposed  to  regard  it.  He 
expresses  then  the  power  and  the  torque  in  terms  of  this  quantity 
K^  so  that  in  order  to  bring  out  the  conditions  under  which  a 
given  motor  at  a  given  speed  will  run  with  a  given  torque  or  give 
a  certain  power,  he  simply  has  to  consider  tlie  variation  of  the 
torque  with  respect  to  this  one  variable  K. 

Two  particular  cases  are  considered.  A  constant  current  in- 
duction motor  with  one  of  two  devices  in  it.  A  device  for  vary- 
ing the  resistance  of  the  armature,  and  another  for  varying  tfie 
electrostatic  capacity,  that  is,  a  condenser  in  series  with  the  arma- 
ture. 

The  relation  of  reaction  to  resistance  which  will  give  the  max- 
imum torque  at  a  given  speed  in  a  constant  current  motor  is  given 
on  p.  738.  If  I  understand  correctly  Dr.  Bell's  paper  on  induc- 
tion motors,  this  resistance-varying  device  has  been  found  practi- 
cally to  work  quite  satisfactorily.  It  is  very  curious  to  observe 
here  that  about  nine  or  ten  years  ago,  when  Dr.  John  Hopkinsoii 
revived  the  question  of  running  alternators  in  parallel,  his  theor- 
etical deductions  suggested  that  the  beet  design  for  alternatoi's 
intended  to  run  in  parallel  will  make  the  resistance  of  the  alter- 
nators equal  to  the  reactance,  exactljy  the  same  relation  which 
gives  the  maximum  torque  in  induction  motors.  The  theory  of 
the  induction  motor  throws  a  new  light  on  the  other  question,  that 
is  to  say,  an  alternator  will  run  best  in  the  parallel,  at  a  given  fre- 
quency when  it  exerts  the  maximum  torque  for  a  given  differ- 
ence of  potential.  The  maximum  torque  is  obtained  with  a  con- 
denser in  the  armature  circuit  when  the  armature  circuit  and  the 
induced  electromotive  force  are  in  resonance.  The  cAse  of  con- 
stant potential  motors  is  then  discussed  in  the  same  manner,  and 
the  results  arrived  at  are  similar  to  those  just  mentioned. 

The  whole  theory  here  presented  is,  as  I  said,  extremely  sim- 
ple. A  great  deal  has  been  written  upon  this  subject,  especially 
by  Professor  Arnold,  of  Carlsruhe,  who,  I  think,  has  published  a 
book  on  the  subject  lately.  But  I  must  say  the  way  in  whicli 
Lieut.  Reber  has  treated  the  question  seems  to  me  to  be  much 
simpler  than  anything  that  has  been  done  so  far.  The  theory 
which  he  gives  us  ouglit  to  prove  of  great  pi-actical  utility  by 
reason  of  its  simplicity.  Of  course,  the  whole  problem  is  dealt 
with  for  ideal  conditions  only.  That  is,  there  is  no  magnetic 
leakage,  there  is  no  hysteresis,  there  are  no  Foucault  currents  ;  so 
that  all  the  numerical  results  obtainable  from  the  author's  theory 
will  be  modified  to  a  greater  or  less  extent  by  these  three  ever- 
present  imperfections,  and  will  have  to  be  allowed  for  by  the 
designer. 

Of  course  a  great  many  people  will  say,  what  is  the  use  of  a 
theory  which  simply  treats  of  an  ideal  case  that  never  presents 
itself  in  practice  ?     They  said  the  same  thing  when  the  theory  of 
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the  alternating  current  transformer  was  brought  forward  to  the 
notice  of  practical  engineers.  They  called  it  the  "phantom 
theory"  oi.a  " phantom  transformer,"  implying  often  by  that 
name  that  the  theory  had  little  or  no  practical  value.  And  yet 
somehow  or  other,  when  the  relations,  obtained  for  purely  ideal 
conditions,  were  compared  with  actual  experimental  tests,  it  was 
found  that  they  agreed  pretty  well  with  tliem.  Of  course  those 
men  who  had  always  had  a  grudge  against  '*  iron- legs  ^j  jjiathe-  '^in^ 

inatics  and  against  the  so-calTed  text-booTlnaffiematrcians  and  ^sk3-v>-'V^ 
text-book  physicsplind  a^Tnst  all  elecfncal  discussions  which  ^ 
dTd  not  smeU  of^the  8h()p^^TTeiOTiey"fdun^  tHal  the  phantom 
equations  agreed  weTTwith  tlie  practicalH^siiTts,  were  quite"  sur- 
plTse3]and  did  not  uiiHerstaiid  the  "miracle."  For  instance,  I  do 
noFTcnow  that  I  ought  to  touch  upon  tliis  much  discussed  point : 
some  people  had  a  great  deal  of  mistrust  against  the  supposition 
that  impressed  e.  m.  f.,  produced  by  most  alternators  can  be 
treated  as  a  pure  sine.  It  was  not  a  pure  sine,  and  therefore  all 
results  obtained  on  the  hypothesis  just  mentioned  were  of  no 
use.  The  curve  was  not  exactly  a  pure  sine,  but  quite  often  nearly 
so.  Practical  results,  however,  agreed  with  the  theory,  because 
a  distorted  electromotive  force  utilizes  its  fundamental  component 
only  when  it  works  an  iron  core  closed  magnetic  circuit  trans- 
fornier,  and  when  the  transformer  load  is  not  too  small.  This 
is  •especially  true  of  old  frequencies  like  the  Westinghouse  fre- 
quency. There  is  something  new  ;  something  that  we  ought  to 
inquire  into,  and  inquiring,  we  shall  imdoubtedly  iind,  new 
properties  of  an  iron  core  closed  magnetic  circuit.*  80  in  the 
case  of  this  ideal  theory  of  the  induction  motor,  although  its  re- 
sults may  differ  considerably  from  the  actual  facts,  it  can  be  safe- 
ly accepted  as  a  first  approximation  to  actual  truth  as  a  first 
guide.  Then,  if  there  should  be  differences  between  the  ideal 
and  the  practical  conditions,  as  there  certainly  will  be,  we  will  be 
able  to  measure  these  differences,  to  inquire  into  the  intensity 
of  the  causes  producing  them,  and  in  that  way  obtain  more 
definite  knowledge  of  all  the  acftivities  which  are  concerned  in 
this  pai-ticular  machine,  the  induction  motor. 

Mr.  Steinmetz  : — I  have  read  Lieut  Reber's  valuable  paper  and 
was  very  much  interested  in  it,  and  when  in  the  following  I 
shall  tate  rather  a  critical  view  of  it,  I  beg  you  to  understand 
that  I  do  not  depreciate  the  value  and  importance  of  the  paper, 
but  after  Dr.  Pnpin  has  shown  us  the  good  features  of  the 
paper,  1  shall  now  endeavor  to  designate  its  weak  points. 

First,  with  regard  to  the  neglect  of  hysteresis  in  the  paper,  I 
may  say  that  in  induction  motors,  and  especially  smaller  ones,  the 
hysteretic  loss  is  one  of  the  largest  of  all  the  losses,  and  thus 
sfiould  not  be  neglected  in  a  comj)lete  theory. 


1.  For  fuller  information  seeM.  I.  Pupin:  ''KesonHUoo  Analysis  of  Alternating 
Currents,  etc",  Transactions,  p.  628. 
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I  may  farther  draw  the  attention  to  the  raggednees  of  the 
curves  given  in  the  paper,  and  state  that  this  is  not  inherent  to 
the  theory,  but  merely  due  to  the  fact  that  the  curves  were 
plotted  from  tables  calculated  to  two  decimals  only.  The  neglect 
of  the  third  decimal  becomes  noticeable  in  the  curve. 

On  page  787,  it  is  stated  that  the  motor  should  not  be  pushed 
to  a  point  more  than  half  the  maximum  torque.  This  general 
statement  I  consider  wrong.  Let  us  rather  say  that  at  full 
load  the  motor  must  have  sufficient  margin  of  torque  to  carry  it 
over  any  overload,  which  it  may  possibly  be  exposed  to  in  prac- 
tical operation.  How  raucli  this  is,  greatly  depends  upon  the 
circumstances;  in  a  motor  driving  a  ventilatmg  fan,  it  is  entirely 
useless  to  allow  such  a  large  margin,  since  such  a  motor  by  the 
nature  of  its  load  cannot  be  overloaded.  On  th6  other  hand,  a 
railway  motor  allowing  100  per  cent,  margin  over  its  rated  torque 
could  never  work  satisfactorily,  but  500  or  even  1000  j>er  cent, 
margin  would  come  nearer  the  requirements.  In  general,  in  most 
cases  of  practical  application,  lOo  per  cent,  margin  is  too  much 
and  50  per  cent,  quite  enough.  The  same  applies  to  the  starting 
torque.  Thus  1  have  all  the  standard  Induction  motors  designed 
to  give  a  starting  torque  and  maxitnum  torque  50  to  60  per  cent, 
in  excess  of  the  running  torque,  while  wherever  more  or  less  is 
desired,  the  motor  is  considered  as  special. 

With  regard  to  the  effect  of  the  frequency,  I  would  like  to  dis- 
cuss somewhat  more  a  statement  on  the  last  page.  As  it  is 
worded  there,  though  correct,  it  may  be  greatly  misleading.  It 
is :  "  Increasing  the  frequency  72^  times  in  a  motor  without  a  con- 
"  denser,  the  velocity  will  be  increased  n  times,  K^  decreased  n 
'^  times,  the  maximum  torque  is  not  affected,  while  the  liysteresis  is 
"increased  n  times  nearly,  the  output  of  the  motor  will  be  in- 
"  creased  nearly  n  times,  if  the  motor  is  run  at  a  given  percentage 
^*of  the  maximum  torque.  lience  it  is  an  advantage  to  increase 
''  the  frequency  till  the  hysteresis  heating  becomes  too  great  or  the 
"  motor  runs  too  fast."  And  then  it  is  stated  further  along,  "A 
"  high  frequency  motor  will  weigh  less  than  a  low  frequency  one." 
This  is  not  the  case.  Instead  of  "  a  high  frequency  motor,"  it 
should  be  said  ''a  high  speed  motor."  The  quantity  which  is 
decided  upon  and  determined  tii-st  in  a  motor,  is  its  speed.  If 
now  you  take  a  motor  running  first  at  one  frequency  and  then 
run  it  at  twice  the  frequency  but  the  same  speed,  by  doubling 
the  number  of  poles,  you  tind  in  general,  the  opposite  true. 
Then  the  high  frequency  motor  is  less  favorable.  So  in  a 
motor  with  a  given  number  of  poles,  the  gain  by  increasing  the 
frequency  is  merely  due  to  the  increase  of  speed,  and  if  a  motor 
is  improved  by  doubling  the  frequency  and  doubling  the  speed, 
it  is  still  more  improved  by  doubling  the  speed  but  retaining  the 
same  frequency,  by  halving  the  numoer  of  poles. 

The  main  objection,  however,  which  I  have  against  the  paper 
is  that  it  is  hy  jar  too  mathemntical.     Mathematics  is  a  very  nice 
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thing  indeed,  and  the  most  powerfal  weapon  science  has,  and 
having  done  a  little  work  myself  in  mathematics,  pure  and  ap- 

Elied,  J  may  be  allowed  to  sa^  that  pure  mathematics  may  go  aa 
igh  as  desired  in  purely  scientific  interests,  but  if  you  apply 
mathematics  to  an  engineering  problem,  then  it  is  proper  to  ask  ; 
what  is  the  use  of  the  results  ?  or,  can  we  make  any  applicatioa 
of  it  for  engineering  practice  ? 

There  are  two  ways  of  solving  an  engineering  problem  by 
theory ;  either  by  forcing  a  solution  by  bringing  the  whole  power 
of  analysis  to  bear  upon  it,  or  to  arrive  at  the  solution  by  a 
simple  way,  by  a  short  cut,  we  may  say. 

Now  taking  the  present  paper:  In  the  e<}uations  here,  the 
quantity,  JE^  appears  several  times.  This  quantity  JTis  defined  on 
page  737.  It  is  a  quotient  whose  terms  are  differences  of  quo- 
tients, so  you  see  that  the  expression,  if  you  substitute  backwards 
to  the  orig  nal  constants,  will  be  so  complicated  that  it  is  hardly 
possible  to  make  any  use  of  it. 

And  now  coming  back  to  this  quantitv,  Z,  the  coeflScient  of 
self-induction.  Even  this  is  not  a  simple  quantity,  because  it 
contains  two  entirely  heterogeneous  terms.  Z  is  here  used  m 
the  sense  used  in  former  times  in  theoretical  investigations,  a» 
referring  to  the  number  of  interlinkages  of  the  circuit  with  the 
flux  produced  by  the  circuit.  In  the  primary  circuit,  the  current 
will  set  up  a  magnetic  field  which  will  pass  around  the  circiiit 
with  a  given  number  of  interlinkages,  and  the  total  product,  for 
unit  current,  of  the  number  of  interlinka^  into  the  number  of 
turns  is  the  coefficient  of  self-induction.  JN'ow  this  product  haa 
two  heterogeneous  effects;  a  part  of  the  flux  passes  around  the 
primary  coil  without  passing  around  the  secondary  coil.  This 
chokes  off  the  electromotive  force  and  reduces  the  output  of  the 
motor.  The  other  part  passes  around  the  primary  coil  and 
around  the  secondary  coil,  and  does  the  work.  You  see,  con- 
sequently, that  no  conclusions  can  be  drawn  from  the  quantity, 
Z,  because  it  contains  two  terms,  one  representing  the  work 
done,  and  the  other  choking  or  reducing  the  work.  Therefore, 
where  the  quantity,  Z,  enters,  you  cannot  separate  the  useful 
part.  You  cannot  draw  any  conclusions  how  to  design  a  motor 
from  the  equations  where  I,  enters. 

Dr.  Pupin  : — There  is  no  leakage,  and,  therefore,  you  are  step- 
ping beyond  the  limits  of  the  paper. 

Mk.  Steinmetz  : — Then  I  take  back  what  I  said  beyond  the 
limits,  but  keep  to  my  flrst  objection  that  the  method  is  too 
theoretical  and  too  limited. 

It  assumes  no  magnetic  leakage.  Now  the  maximum  output 
of  an  induction  motor  is  essentially  determined  by  the  magnetic 
leakage  or  self-induction,  while  resistance  plays  a  lesser  part. 
Oonseqently  bv  neglecting  the  magnetic  leakage,  the  paper  neg- 
lects the  principal  factor,  which  determines  the  maximum  output 
of  the  motor. 
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However,  I  do  not  know  whether  the  ma^etic  leakage  is 
really  excluded  in  the  paper,  because — 

Dr.  Pupin  : — If  you  will  look  at  the  beginning  of  the  paper, 
you  will  find  that  it  so  states  in  the  sixth  line. 

Mb.  Steinmetz  : — If  there  is  no  magnetic  leakage  the  product 
of  the  two  Z's  is  equal  to  the  M^,  I  think  I  saw  a  statement 
here  that  it  may  be  equal  or  larger.  In  this  ease  this  objection 
does  not  hold. 

However,  by  separating  the  Z  in  these  two  parts,  representing 
the  useful  flux  and  the  flux  of  self-induction,  or  rather  in  this 
case,  I  would  say  by  introducing  a  second  quantity,  Z^,  as  the 
magnetic  leakage,  you  can  make  the  equation  more  complete. 

Now.  I  have  made  the  statement  that  the  paper  appears  to  me 
too  mathematical.  The  induction  motor  is  such  a  simple  appa- 
ratus, just  as  simple  as  the  alternating  current  transformer,  that 
it  should  be  assumed  a  priori  that  the  theory  of  the  induction 
motor  should  be  much  simpler.  Moreover,  I  think  the  theory  of 
the  induction  motor  ought  to  include  the  hysteresis,  and  ought  to 
include  the  stray  field  of  magnetic  leakage,  because  the  hysteresis 
is  the  largest  factor  in  efficiency,  and  the  leakage  is  the  limiting 
factor  in  the  output.  The  theory  ought  to  make  no  assumption 
as  to  how  many  phases  there  are,  and  if  you  will  allow  me,  I 
will  make  a  few  sketches  explaining  that.  I  do  not  intend  to 
make  use  of  anything  more  mathematical  than  Ohm's  law,  and 
the  equation  that  the  power  is  the  electromotive  force  times  cur- 
rent. But  I  will  use  complex  quantities,  which,  I  assume,  are 
now  generally  known. 

Theory  of  the  Induction  Motor. 

In  the  following  sketch  of  a  theory  of  the  induction  motor, 
no  further  aseuniptioiis  shall  be  made  but  Ohm's  law  and  the 
power  equation  : 

p  =  i:  a 

The  theory  will  be  general,  that  is,  independent  of  the  number 
of  phases  in  field  and  in  armature,  etc.,  and  shall  include,  and 
not  neglect,  the  eflPect  of  hysteresis,  magnetizing  current,  of  self- 
induction  or  magnetic  stray  field,  etc. 

The  method  of  complex  quantities  shall  be  used,  however, 
which,  I  presume,  can  be  considered  now  as  universally  known 
snd  understood. 

Capitals  shall  denote  complex  or  vector  quantities,  small  letters 
represent  absolute  values. 

Let,  in  an  induction  motor, 

Y  =  primary  admittance,  per  circuit,* 

1.  T^  p  -\-j  ^  is  the  ratio  of  total  exciting  current,  or  current  at  no  load 
or  synchronism,  to  the  e.  m.  f.,  />  its  power  component,  (T  its  i*eactive  compo- 
nent.   Thus  : 
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U  =  primary  impedance,^ 

CFx'=  Ti  — j  k  8i  =  secondary  impedance, 
where: 

k  =  slip,  or  ratio  of  secondary  frequency  to  main  frequency,* 

a  =  ratio  of  secondary  turns  to  primary  turns  (ratio  of  trans- 
formation). 

Since  the  reactive  component  of  secondary  impedance  depends 
upon  the  slip,  A,  the  two  components  of  secondary  impeaance 
have  been  introduced : 

Vi  =  n  —j  *  «i, 
where : 

«i  =  2  ;r  iV  Zi  =  secondary  reactance  at  rest,  or  full  frequency. 
Counting  the  time  from  the  moment  where  the  mutual  mag- 
netic flux,  or  useful  magnetism  (flux  interlinked  with  both,  prim- 
ary and  secondary  circuit)  passes  through  zero,  the  magnetic  flux 
is  denoted  by : 

M  =  j  m. 

Thus  the  E.  M.  F.  induced  by  this  flux  in  the  primary  circuit  is  : 

where  e  is  the  "  counter  e.  m.  f.  of  the  motor." 
The  E.  M.  F.  induced  in  the  secondary  circuit  is  : 

^,  =  —  a  k  e^ 

since  the  secondary  circuit  cuts  the  same  flux,  m,  at  the  lower 
frequency,  k  N, 

Hence  the  secondary  current  is : 

^  El a  k  e 


r  = 

a  = 


fA  ^1  —j  *  «i 

hysteretic  energy  current 

B.  M.  p.  ' 

magnetizing  current 

E.  M.  F.  ' 

total  exciting  current 

B.  M.  F.  ' 


=    Vfi"  +  ^r*  = 


p  and  (T  are  calculated  from  dimensions  and  material  of  the  motor,  and 
determined  experimentally  by  ammeter  and  wattmeter  readings  at  no  load. 

1.  CT  =  r  — j  a,  where  r  =  (equivalent)  resistance,  8  =  27r  N  L  =  reactance 
of  primary  circuit,  the  latter  referring,  however,  to  the  magnetic  flux  of  self- 
induction,  or  stray  magnetism,  only,  that  is  the  flux  produced  bv  the  primary 
circuit  and  interlinked  with  the  primary  circuit  only,  but  not  with  the  second- 
ary circuit.  Thus  s  does  not  include  the  mutual  inductance,  or  the  useful  mag- 
netism, M.    The  same  applies  to  If^ . 

r  and  s  are  calculated  from  the  dimensions  of  the  motor  and  observed  experi- 
mentally by  ammeter  and  wattmeter  readings  at  standstill  with  short-circuited 
armature.  ' 

2..  A;  =  0  at  synchronism, 
A;  =  1  at  standstill, 
k  N  -=  frequency  of  armature  current 
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Hereto  corresponds  in  the  primary  circuit  the  current : 

=       <^  ^^ 
ri  —j  k  Si 
The  primary  exciting  current  is: 

Co  =  Te. 
Hence  the  total  primary  current : 

67=  Oo+O^; 
or,  substituted : 

Primary  Current: 

{  rj  —J  k  «i ) 

The  B.  M.  F.  consumed  by  the  primary  impedance  is : 
E'=  C  C 

=  eU\T+        ^'\     \. 
Thus  the  total  primary  impressed  e.  m.  f.  is : 

or,  substituted : 

Prvmary  Im^essed  B.  M.  F. : 

(  r^  —J  ka^) 

The  power  transmitted  into  the  secondary  circuit  is : 

E  C^  =  ea  Ci. 
The  power  wasted  by  the  secondary  current  is  : 
E^Cy^^keaC^ 
hence,  the  output,  or  the  net  power  of  the  motor  is : 
P  ^EC^  —  E^C, 
=  6  a  Ci  (1  —  *) ; 


or,  substituted : 


and  rationalized  : 
Power: 


P  =  ^a^k{l  —  k) 
r^—jks^ 


p  _  ^  a^k{l  —  k)  7*1 

r,'  +  ¥e,'      • 


(1) 


(3) 


(3) 
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The  torque  of  the  motor  is : 


767 


T  = 


IP 


where  &  is  a  constant  depending  apon  frequency,  iT,  and  number 
of  poles,  ^: 

in  pounds  at  1  foot  radius. 


J  = 


.74(5  Ttp  N 

Substituting  P  gives : 
Torque : 

rp  ___   i  ^  d^   k   7\ 
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Pig.  5. 


These  four  equations  are  the  fundamental  equations  of  the  in* 
duction  motor,  giving  current,  impressed  e.  m.  f.,  power  and 
torque  as  functions  of  the  slip,  ^,  and  the  counter  e.  m.  f.,  e. 

Thus,  at  constant  impressed  e.  m.  f.,  ^  we  eliminate  e  by 
equation  (2),  and  get  from  equations  (1),  (3),  (4)  the  current, 
power  and  torque,  as  functions  of  the  slip,  ^,  that  is  the  speed, 
and  eliminating^  again  h  by  equation  Q),  equations  (3)  and  (4) 
give  power  and  torque  as  functions  oi  the  primary  current,  at 
constant  impressed  e.  m.  f.  In  general,  it  is  preferable,  however, 
to  retain  Jc  and  e  as  parameters. 

The  armature  resistance,  7*1,  appears  explicit  in  the  equations, 
so  that  the  effect  of  a  change  ot  r,  can  directly  be  seen  from  the 
equations. 
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Snbstitnting : 

*  =  0, 

gives  the  condition  of  Byncbronons  mnning,  or  of  no  load : 

o  =e  r 

£i,  =  e{l  -\.  VY), 

P  =  0, 

T  =0. 
Sabstitnting : 

*  =  1 
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Fig.  6. 
gives  the  conditions  in  starting,  or  at  rest : 


(  n  —J «, ) 


«T  h  ^  C?  Ti 


d  To_ 


rfr. 


=  0, 


gives  the  armature  resistance,  r,,  which  gives  maximum  startiag 
torque. 
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SubBtituting : 

A  <0 
pves  the  conditions  of  mnning  above  synchronism  : 

P  <i) 

r<o; 

that  is,  the  machine  gives  a  backwards  torque  and  consamea 
power,  that  is,  its  primary  circuit  acts  as  electric  generator. 

k>l 
gives  the  conditions  of  backwards  running : 
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Pig.  7. 

that  is,  the  power  is  negative,  the  torque  positive,  that  is  now 
against  the  direction  of  rotation,  and  the  machine  coubumea 
power,  and  its  secondary  circuit  acts  as  electric  generator. 


jpvee  the  maximnm  power, 


d  T 
dk 


=  0, 


gives  the  maximum  torque  of  the  motor. 

From  the  four  fundamental  equations  the  behavior  of  the  in> 
duction  motor  under  all  conditions  of  load,  etc.,  can  be  calculated 
and  plotted  in  curves. 
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The  values  of  equations  (3)  aud  (4)  refer  to  oue  circuit  only. 
Thus  the  total  power  (resp.  torgue)  of  the  induction  motor  is 
=  3  P  in  a  three-phase,  =  2  P  in  a  quarter-phase,  and  =  P  in 
a  monocyclic  induction  motor. 

The  general  shape  of  such  motor  characteristics  is  shown  in 
Figs.  5,  6,  7,  which  give  the  torque  and  the  power  of  a  three- 
phase  motor,  at  various  armature  resistances :  r^  =  .02 ;  .(»46 ; 
.18 ;  .75  ohms,  as  function  of  the  speed,  that  is,  the  slip,  h,  with 
the  constants : 

I^  =  />  +  .7^=.03  +  .2i, 
U  =r  —  J8=^  .03  — .ly, 
27i  =  ^1  —  y  *  «,  =  ^1  —  .08  k  jy 
<3f  =  1, 
110  volts  between  the  lines,  hence 

JEq  =  63.5. 

There  vou  have  all  the  quantities.  No  assumptions  are  made 
whether  it  is  a  three-phase,  single- phase,  or  any  other  induction 
motor.  I  do  not  make  any  assumption  either  how  the  armature 
is  wound. 

Mr.  a.  E.  Kennelly: — ^Mr.  President  and  Gentlemen:  I 
think  that  after  what  Mr.  Steinraetz  has  told  us  concerning  the 
advisability  of  having  the  paper  before  us  include  the  question 
of  hysteresis  and  other  losses,  we  ouffht  to  feel  very  grateful  to 
the  author  for  having  left  them  out,  oecause  to  what  extent  the 
paper  would  have  run,  had  those  more  difficult  questions  been 
included,  it  is  difficult  to  say.  But  I,  for  one,  am  opposed  to  other 
than  engineering  methods  for  treating  engineering  subjects.  I 
believe  that  the  method  which  has  just  been  discussed  by  Mr. 
Steinmetz  before  us  on  the  blackboard  is  far  more  capable  of 
giving  us  the  engineering  properties  of  induction  motors  than  are 
flie  methods  based  on  MaxwelPs  equations.  When  we  consider 
the  work  done  in  lifting  a  weight  from  the  ground,  it  is  not 
necessary  to  start  with  Newton's  second  law  of  motion.  Similarly 
when  we  move  a  dynamo,  we  need  not  start  with  Maxwell's  elec- 
tro-kinetic momentum  of  a  circuit.  These  thincs  are  true  and 
beautiful,  but  we  need  not  always  be  bringing  tuem  into  print. 
The  difficulties  in  the  problem  that  confront  the  engineer  are 
sufficiently  great  without  adding  to  them  analytical  difficulties  in 
dealing  with  the  subject.  I  think  the  paper  might  have  been 
shortened  and  its  utility  to  engineers  greatly  enhanced  if  many 
of  the  difficulties  which  enshroud  that  subject  had  been  cleared 
away  and  a  simple  exposition  given  to  us. 
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Discussion  at  Chicago,  Oct.  17th,  1894. 
[Lieut.  Samuel  Rodman  in  the  Chair.] 

Pbof.  W.  M.  Stine: — ^We  have  this  evening  papers  by 
Lieut.  Samuel  Reber  and  Mr.  Charles  Proteus  Steinmetz,  and  I 
have  been  requested  to  read  the  papers,  but  presume  you  have 
iiad  them  before  you  long  enough  to  become  familiar  with  their 
•contents.  They  are  simply  mathematical  deductions  for  the  most 
part — a  crystallizing  of  some  of  the  mathematical  deduc- 
tions and  lacts  already  known  concerning  this  class  of  motors. 
The  papers  are  of  course  valuable  as  mathematical  contributions, 
:and  as  forming  a  part  of  these  Tbansactions,  we  must  consider 
them  as  having  considerable  value.  We  will  ask  you  to  consider 
them  as  read,  that  is,  to  pass  over  the  verbal  reading  of  the 
papers  and  leave  them  in  your  hands  for  discussion. 

It  is  a  matter  very  much  of  this  kind ;  we  have  here  known 
factors  in  connection  with  the  design  and  operation  of  these 
motors.  There  is  no  question  involved  directly  as  to  the  con- 
struction or  operation  of  these  motorp,  and  we  could,  by  reading 
the  papers,  point  out  the  relations  of  torque  on  starting,  and  the 
relations  involved  in  retaining  sychronism,  getting  step  and  get- 
ting out  of  step,  but  prefer  to  leave  that  to  tlie  aiscussion. 
I  have  had  quite  a  number  of  slides  prepared  illustrating  the 
work  of  Tesla,  and  the  work  of  S.  P.  Thompson,  and  in  this 
way  I  think  we  can  develop  the  theory  of  synchronism  and  mag- 
netic rotation  involved  in  these  motors. 

[Prof.  Stine  here  used  the  slides  in  his  discussion  and  ex- 
plained same.] 

Mb.  H.  J.  Sage: — The  papers  under  discussion  have  been  in 
my  hand  so  short  a  time,  it  will  be  impossible  for  me  to  intel- 
ligently discuss  them.  But  in  glancing  over  that  of  Lieut. 
Ileber  I  noticeT  in  the  opening  sentences  that  his  deductions 
refer  to  motors  whose  fields  do  not  have  projecting  poles.  It 
has  been  my  experience  that  in  general,  motors  with  smooth 
field  cores  are  the  better.  I  am  of  the  opinion  that  in  such 
motors  alone  can  be  Secured  a  uniform  rotating  field,  which  is 
most  necessary  for  high  efficiency  in  operation.  With  such  a 
field  core,  a  winding  may  be  designed  in  which  the  magnetic 
fields,  due  to  the  separate  circuits,  shall  combine  to  give  a  resul- 
tant uniform  field  rather  than  a  sum  total  of  the  various  fields, 
^hich,  is  not  necessarily  uniform.  And  it  is  easily  proved 
•mathematically  in  the  case  of  triphase  motors,  that  such  a 
resultant  field,  in  which  the  components  combine  according  to 
the  law  of  parallelogram  of  forces  is  uniform.  It  seems  to  me 
too  much  attention  cannot  be  paid  to  the  air-gap,  and  also  the 
resistance  of  the  field  and  armature  circuits.  The  former  should 
be  as  short  as  possible ;  the  lower  the  latter,  the  more  efficient 
the  motor,  and  the  nearer  will  the  speed  and  maximum  torque 
Approach  to  synchronism.     A  simple  variable  resistance  in  the 
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armature  circuit  is  a  couveiiieiit  method  of  regulating  speed  and 
maximnm  torque,  and  also  is  much  more  economical  than  the  re- 
sistance boxes  necessary  in  continuous  current  practice.  Theu,. 
too,  in  most  cases  an  induction  motor  maj  he  reversed  under  f nil 
speed  and  full  load  with  impunity.  The  little  care  required  by 
them  when  running,  the  ease  of  speed  regulation,  and  the  ab> 
sence  of  brushes  are  points  greatly  in  their  favor.  The  greatest 
objection  to  them  appear  to  me  to  be  the  false  currefits  at  start- 
ing and  the  difference  of  phase  under  nearly  all  conditions 
between  electromotive  force  and  current.  Fortunately  greater 
familiarity  with  the  conditions  exacted,  and  more  appropriate 
designs,  are  reducing  these  effects  to  a  minimum,  and  soon,  I 
trust,  their  effects  may  be  neglected. 


A  paptr  prtttnUd  €U  tkt  Niniitik  Mutiny  0/ikt 
Amtriean  InttituU  0/  BUelrical  Snginter*^ 
Nrw  Yvrk^  PrttitUnt  Houston  in  ike  Ckair,  and 
CkicmM^y  Litnt,  Samutl  Redman  in  ike  Ckair^ 
Oeiohtr  ijik,  1S94, 


THEORY  OF  THE  SYNCHRONOUS  MOTOR. 


BY   0HABLB8  PBOTBUS   STBINMBTZ. 


Tbe  following  theory  of  the  synchronous  motor  was  written 
somewhat  over  a  year  ago,  but  was  not  intended  for  publication. 
Since,  however,  through  Prof.  S.  P.  Thompson's  paper,  entitled 
"Some  Advantages  of  Alternating  Currents,"  read  before  the 
British  Association,  the  synchronous  motor  has  been  brought 
into  discussion  again,  it  may  be  of  interest  to  communicate  this 
sketch. 

While  by  the  use  of  the  method  of  complex  quantities,  the 
analytical  treatment  may  be  shortened  somewhat,  I  consider  it 
preferable  to  give  the  theory  essentially  in  its  original  form. 

I  shall  discuss  one  circuit  only ;  the  results  apply  however  to 
the  polyphase  synchronous  motor  as  well.  In  the  latter  case  the 
volts,  amperes,  watts,  etc.,  are  these  quantities  per  phase  of  the 
system,  so  that  for  instance  in  a  three-phase  synchronous  motor 
the  total  power  is  three  times  the  value  per  phase,  introduced  in 
the  discussion. 

Let  u  =  Vt*  -f-  «2  =  impedance  of  the  circuit  of  (equivalent) 
iresistance  r  and  (equivalent)  reactance  s  —  ^i:  N  L^  containing 
the  impressed  s.  m.  f.  ^  ^  and  the  counter  e.  m.  f.  ^^  of  the  syn- 
chronous motor,  that  is  the  b.  m.  f.  induced  in  the  motor  armature 
by  its  rotation  through  the  (resultant)  magnetic  field. 

Let  0  =  current  in  the  circuit  (effective  values). 

1.  If  00  =  '-  ^'  '•  ^^  motor  terminals,  u  =  internal  impedances  of  the 
motor;  if  e^  =  terminal  yoltase  of  the  generator,  u  =  total  impedance  of  line 
^d  motor;  it  e^  ^  e.  u.  r  of  generator,  that  is,  b.  m.  f.  induced  in  generator 
armature  by  its  rotation  through  the  magnetic  field,  u  includes  the  generator 
iii]4)edaiioe  also. 
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The  mechanical  power  delivered  by  the  synchronous  motor 
{including  friction  and  core  loss),  is  the  electric  power  consumed 
by  the  c.  b.  m.  f.  ^,  hence : 

p  =  0  ei  cos  (ci  ei\ 


thus : 


cos  {ci  e^  z=z  £-. 
e  ei 


sm 


(1) 

(3) 


The  displacement  of  phase  between  current  c  and  b.  m.  f. 
^  =z  u  c  consumed  by  the  impedance  u  is : 


cos  {c  «)  =  t 

sin  (ce)  =  - 
u 


(3) 


Since  the  three  e.  m.  f.'s  acting  in  the  closed  circuit : 
Sq  =  K.  M.  F.  of  generator, 
^  =  0.  E.  M.  F.  of  synchronous  motor, 
e   =  t^  c  =  E.  M.  F.  consumed  by  impedance, 
form  a  triangle,  that  is,  ^  and  e  are  components  of  €^  it  is  (Fig.  1): 

e^^e^  +  ^-^-^ee^  cos  (^i,  e)  (4) 

hence, 

.S  .2  Ji  >.2  .3  .,2>.2 

(5) 


co8(.„.)  =  ^'  -  *«'-^  -  %'-e,^-^<? 


2  e^  e  2  u  0  e^ 

since,  however,  by  diagram  : 
cos  («i,  e)  =  cos  (<?,  6 — (?,  ^)  .gv 

=  cos  (c,  «)  cos  (6*,  «,)  +  sin  (<?,  e)  sin  (c,  ^) 
substitution  of  (2),  (3)  and  (5)  in  (6)  gives  after  some  transposh; 
tion : 

e^  —  e^  —  u^(?  —  2rpz:z28  ^&ef—f,  (7) 

the  Fundomiental  Equation  of  ths  Synchronovs  Motar^  relating 
impressed  e.  m.  f.,  e^ ;  o.  e,  m.  f.,  Bi  ;  current,  c ;  power,  p^  and 
resistance,  r\  reactance,  8\  impedance,  u. 

This  equation  shows,  that  at  given  impressed  e.  m.  f.  e^  and 
given  impedance  u  =  Vr^  +  *',  three  variables  are  left,  ^i,  c^p 
of  which  two  are  independent.  Hence,  at  given  e^  and  w,  the 
current  c  is  not  determined  by  the  load  p  only,  but  also  by  the 
excitation,  and  thus  the  same  current  g  can  represent  widely 
different  loads  jp,  according  to  the  excitation  ;  and  with  the  same 
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1^ 


load,  the  current  c  can  be  varied  in  a  wide  range,  by  varying  the 
field  excitation  e^. 

The  meaning  of  equation  (7)  is  made  more  perspicuous  by 
some  transformations,  which  separate  e^  and  (?,  as  function  of  p 
and  of  an  angular  parameter  <p. 

Substituting  in  (7)  the  new  coordinates : 


X 


:e,^  +  u^(»^ 


4/2        I 


we  get 


4^2       J 


V2 
V2 


<^«_aj4/2  —  2ri>  =  2  ^V^^T^  —  «»y, 


substituting  again 


hence, 


u 


e^  =  a 
2  up  =  J 

2  rp  =  e  J 


(8) 


(9> 


(10> 


Fie.  1. 


Fio.  a. 


we  get  _  

a  —  xV^  —  th=   ♦^(l  -  e^  (2  »»  —  2  y"  —  J»),         (U) 
and,  squared 

^  a!'+( l-e')  y'-ar  V'i  («-«  J)+^^tl^+^±:J^  =0,   (12) 
substituting 

(13) 


gives,  after  some  transposition, 

t;'  +  ^^  =  (llZ_ila(/i-2eJ), 

A    6 


(14) 
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hence,  if 

it  i8 

V"  +   li?  :=^  IP,  (IH) 

the  equation  of  a  circle  with  radiofi  H, 

Substituting  now  backwards,  we  get,  with  soine^traDspositiooB : 
jr*  {e^  +  y!^<?)  —  u"  {e^  —  2  rp)\^ 

+  \rs  (e,^  —  ^  c*)p  =  ^  ?/»  e^  (V  —  4  r p\  (17) 

the  FwndamentaJ,  Equation  of  the  Synchronmis  Motor    in    a 
modified  form. 

The  separation  of  e^  and  c  can  be  effected  by  the  introduction 
of  a  parameter  ip  by  the  equations  : 

r'  (e^ — ?^^  (?) — w'  {e^ — 2  r  p)=^%  u  e^  Ve^^-A  r  p  cos  (f  ) 
r  8  {e^ — u^  (?)-=8  u  (%    i^e^ — i  r  p  ^in  <p  ) 

These  equations  (18),  triinsposed,  gi^e 

The  I  Parameter  Equations  of  the  Synchronous  Motor  \ — 

The  parameter  <p  has  no  direct  physical  meaning,  apparently. 

Tliese  equations  (19)  and  (20),  by  giv^ing  the  values  of  e^  and  c 
as  functions  of  p  and  the  parameter  tp  enable  us  to  construct  the 
Power  Characteristics  of  the  Synchronous  Motor^  as  the  curves 
relating  ex  and  c,  for  a  given  power  jp,  by  attributing  to  f  all 
different  values. 

Since  the  variables  v  and  w  in  the  equation  of  the  circle  (16) 
are  quadratic  functions  of  e^  and  ^,  the  Power  Characteristics  of 
the  Synchronous  Motor  are  Quartic  Curves. 

They  represent  the  action  of  the  synchronous  motor  under  all 
conditions  of  load  and  excitation,  as  an  element  of  power  trans- 
mission even  including  the  line,  etc. 

Before  discussing  further  these  Power  Characteristics,  some 
special  conditions  may  be  considered. 
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A.     Maximum  Output. 
Since  the  expresBion  of  ^  and  c  [equations  (19)  and  (20)]  contain 
the  square  root  Ve^  —  4  r  jp,  it  is  obvious  that  the  maximum 
yalue  of  p  corresponds  to  the  moment  where  this  square  root 
-disappears  by  passing  from  real  to  imaginary,  that  is, 

e;'  —  -^rp  =  0, 

p  =   ^^-  (21) 

Tliis  is  the  same  value,  which  represents  the  maximum  power 
transmissible  by  e.  m.  f.  ^  over  a  non-inductive  line  of  resistance  /•, 
or  more  generally,  the  maximum  power  which  can  be  transmitted 

over  a  line  of  impedance  u  =    i  /^  -f"  *^  ^^*^  ^^Y  circuit,  shunted 
by  a  condenser  of  suitable  capacity. 

Substituting  (21)  in  (19)  and  (20),  we  get, 

u      ^ 

'^  =  j:,^      I 

2r 
3ind  the  displacement  of  phase  in  the  synchronous  motor, 

cos  (^j,  e)  =  ^  =  r 

C  €i  U 

hence,  tan  (^i,  e)—  —  -  (23) 

That  is,  the  angle  of  internal  displacement  in  the  synchronous 
motor  is  equal  but  opposite  to  the  angle  of  displacement  of  line 
impedance, 

((gj,  c)  =  —  (e,  c) 

=  -  {u,  r)  (24) 

and  consequently,  (6^,,  ^)  =  0  (25) 

that  is,  the  current  c  is  in  phase  with  the  impressed  k.  m.  e.  eQ. 
If  -w  <  2  r,      ^1  <  ^0  that  is,  motor  k.  m.  f.  <  generator  e.  m.  f. 
If  u  =  2  r,      ei  =  <e„  that  is,  motor  k.  m.  f.  =  generator  e.  m.  f. 
li  u  >  2  Vj      ey  >  Sq  that  is,  motor  e.  m.  f.  >  generator  e.  m.  e. 
In  either  case,  the  current  in  the  synchronous  motor  is  leading. 

B.     KuNNiNG  Light,  p  =  o. 

When  running  light,  or  for  /?  =  o,  we  get,  by  substituting  in 
<19)  and  (20), 
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r         2  (  u  u  ) 


r       2  I 


I  +  -  cos  f  —  -  Bin  if 
u  u 


(26> 


Obviously  this  condition  caw  never  be  fulfilled  absolutely^ 
since  p  must  at  least  equal  the  power  consumed  by  friction,  etc., 
and  thus  the  true  no  load  curve  merely  approaches  the  curve 
j9  =  0,  being  however  rounded  off,  where  curve  (26)  gives  sharp 
comers. 

Substituting  ^   =  0  into  equation  (7)  gives,  after  squaring^ 
and  transposing, 
e^J^e^J^v}  i^—2  e^  e^—2  u^  &  V+2  r"  <?  e^—^  ^  <?  tfi«=0.  (27) 

This  quartic  equation  can  be  resolved  into  the  product  of  two 

quadratic  equations, 

s^  •\-  'ijf  (?  —  e^  -\-^  B  c  ex  =  0      generator.  )  ggv 

e^  -\-  v^  <?  —  e^  —  2  «  {?  ^1  =  0      motor.        ) 

which  are  the  equations  of  two  ellipses,  the  one  the  image  of  the 

other,  both  inclined  with  their  axes. 

The  minimum  value  of  o.b.  m.f.  e^  is,^!  =  0  at  c  =  ^         (29) 

u 

The  minimum  value  of  current  t?  is,  c  =  0  at  ^i  =  6^  (30) 

The  maximum  value  of  b.  h.  f.  e^  is  given  by  equation  (28), 

by  the  condition, 

df 

do  df  ■ 

dei 
hence, 

e  =  e^±.,   e,=  T  e^-  (31) 

T  U  T 

The  maximum  value  of  current  c  is  given  by  equation 
(28)  by 

a  c, 

c  =  ^       ^,  =  T  «b-.  (32) 

T  T 

If  as  abscissae  «i,  and  as  ordinates  u  c  are  chosen,  the  axes  of  these 
ellipses  pass  tlirough  the  points  of  maximum  power  given  by 
equation  (22). 
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It  is  obvioufi  thus,  that  in  the  curves  of  synchronous  motors 
running  light,  published  by  Mordey  and  others,  the  two  sides  of 
the  V-shaped  curves  are  not  straight  lines,  as  usually  assumed,  but 
arcs  of  ellipses,  the  one  of  concave,  the  other  of  convex  curvature. 

These  two  ellipses  are  shown  in  Fig.  3,  and  divide  the  whole 
space  into  six  parts,  the  two  parts  a  and  a\  whose  areas  contain 
the  quartic  curves  (19)  (20)  of  synchronous  motor,  the  two  parta 
B  and  B^,  whose  areas  contain  the  quartic  curves  of  generator. 
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and  the  interior  space  o  and  exterior  space  d,  whose  points  do 
not  represent  any  actual  condition  of  the  alternator  circuit,  but 
make  the  dependence  e^j  o  imaginary. 

A  and  A^,  and  the  same  b  and  b^,  are  identical  conditions  of 
the  alternator  circuit,  differing  merely  by  a  simultaneous  reversal 
of  current  and  e.  m.  f.,  that  is,  differing  by  the  time  of  a  half 
period. 
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Each  of  the  spaces  a  and  b  contains  one  point  of  equation 
(22),  representing  the  condition  of  raaxininm  output  of  generator, 
via.,  synchronous  motor. 

C.     Minimum  Cubebnt  at  Given  Power. 

The  condition  of  minimum  current,  c,  at  given  power,  jp,  is  de- 
termined by  the  absence  of  a  phase  displacement  at  the  impreened 

A.    M.    I*  •    Cy, 

(^  o)  =  0. 
This  gives  from  diagram  Fig.  2, 

e,^  =  ^^2  +  c^  u"^—  2  ^  (?o  -  (83) 

u 

or,  transposed, 

e,  =    S/{e^  —  c  rf^'J~^  (34) 

This  quadratic  curve  passes  through  the  point  of  zero  current 

and  zero  power, 

c  =  0,      ^1  =  ^ 

through  the  point  of  maximum  power  (22), 


2r       ^'        2  r 


C   =  :r— ,         c^l    — 


and  through  the  point  of  maximum  current  and  zero  power, 

tj  =  ^,      e,  =  ^  (35) 

r  r 

and  divides  each  of  the  quartic  curves  or  power  characteristics 
into  two  sections,  one  with  leading,  the  other  with  lagging  cur- 
rent, which  sections  are  separated  by  the  two  points  of  curve  (34), 
the  one  corresponding  to  minimum,  the  other  to  maximum 
current. 

It  is  interesting  to  note,  that  at  the  latter  point  the  current  can 
be  many  times  larger  than  the  current  which  would  pass  through 
the  motor  while  at  rest,  which  latter  current  is, 

c  =  f^  (36) 

while  at  no  load,  the  current  can  reach  the  maximum  value, 

c=^  (36) 

the  same  value  as  would  exist  in  a  non-inductive  cireuit  of  the 
same  resistance. 
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The  minimum  value  at  o.  b.  m.  f.  ^i,  at  which  coincidence  of 
phase,  {e^  o)  =  0,  can  still  be  reached,  is  determined  from  equa- 
tion (34)  by, 

a  c 
as, 

c  =  €o-.     <?i  =  db-  87) 

The  carve  of  no  displacement,  or  of  minimum  current,  is  shown 
in  Figs.  3  and  4  in  dotted  lines.^ 

D.    Maximum  Displaoembnt  of  Phase. 

(e^j  c)  =  maximum. 
At  a  given  power  jc>  the  input  is, 

Po  =p  -{-  (^  r  =  €QOGOB{eQj  c)  (38) 

hence, 

co8(^g)=-P  +  ^^  (39) 

eo  c 

At  a  given  power  ;>,  this  value,  as  function  of  the  current  c,  is 

a  maximum  when 

d  o\     e^c     I 
this  gives, 

p-^T  (40) 

or, 

c^\/P  (41) 

T 

That  is,  the  displacement  of  phase,  lead  or  lag,  is  a  maximum, 
when  the  power  of  the  motor  equals  the  power  consumed  by  the 
resistance,  that  is,  at  the  electrical  eflSciency  of  50  per  cent. 

Substituting  (40)  in  equation  (7)  gives,  after  squaring  and 
transposing,  the  Quartic  Equation  of  Maximum  Displacement, 
{e^  —  ^xf  +  ^*  t^V^*  +  8  7^  +  2  t?*  ^1*  (5  ^  _  ^ 

—  2  ^  V  (^'  +  3  '/^  =  0     (42) 

1.  It  is  interesting  to  note,  that  the  equation  (84)  is  similar  to  the  value,  «i  = 
V(«o  —  c  ^)*  —  c"  «",  which  represents  the  output  transmitted  over  an  inductive 
line  of  impedance  u  =  i^r*  -J-  «■  into  a  non-inductive  circuit. 

Equation  (34)  is  identical  with  the  equation  giving  the  maximum  voltage  tf^, 
at  current  c^  which  can  be  produced  by  shunting  the  receiving  circuit  with  a 
condenser,  that  is,  the  condition  of  '  *  complete  resonance "  of  the  line  u  =: 

Vr*  +  *•  with  current  c.    Hence,  referring  to  equation  (35),  « ^  =  ^o  -^  is  the 

maximum  resonance  voltage  of  the  line,  reached  when  closed  bj  a  condenser  of 
reactance,  —  ». 
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The  carve  of  maximum  displacement  is  shown  in  dash-dotted 
lines  in  Fig.  3  and  4.  It  passes  through  the  point  of  zero  current 
— as  singular  or  nodal  point — and  through  the  point  of  maximum 
power,  where  the  maximum  displacement  is  zero,  and  it  inter- 
sects the  curve  of  zero  displacement. 

E.     Constant  Counter  E.  M.  F. 
At  constant  o.  e.  m.  f.,  ei  =  constant, 

If,  *,<«6\/l-^. 
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the  current  at  no  load  is  not  a  minimum,  and  is  lagging.  With 
increasing  load,  the  lag  decreases,  reaches  a  minimum,  and  then 
increases  again,  until  the  motor  falls  out  of  step,  without  ever 
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coming  into  coincidence  of  phase. 

If,  ^\/i_^'<^<^ 

the  current  is  lag^ng  at  no  load ;  with  increasing  load  the  lag 
decreases,  the  current  comes  into  coincidence  of  phase  with  e^, 
then  becomes  leading,  reaches  a  maximum  lead ;  tlien  the  lead 
decreases  again,  the  current  comes  again  into  coincidence  of 
phase,  and  becomes  lagging,  until  the  motor  falls  out  of  step. 

If  ^  <  ^1,  the  current  is  leading  at  no  load,  and  the  lead  first 
increases,  reaches  a  maximum,  then  decreases,  and  whether  the 
current  ever  comes  into  coincidence  of  phase,  and  then  becomes 
lagging,  or  whether  the  motor  falls  out  of  step  while  the  current 
is  still  leading,  depends,  whether  the  o.  £.  m.  f.  at  the  point  of 
maximum  output  is  >  BqOt  <^  e^ 

F.      NCMERIOAL   IjNSTANOB. 

Figs.  3  and  4  shows  the  characteristics  of  a  100  k.w.  motor, 
supplied  from  a  2503-volt  generator  over  a  distance  of  5  miles, 
the  line  consisting  of  two  wires,  No.  2  B.  and  S.  G.,  1 8  inches  apart. 
In  this  case  we  have, 

Cq  =  2500  volts  constant  at  generator  terminals, 
r  =      10  ohms,  including  line  and  motor. 
«  =      20  ohms,  including  line  and  motor, 
hence,  u  =      22.36  ohms. 

Substituting  these  values,  we  get, 

2,500«  —  e,^  —  500  c»  —  20  p  =  40  Vd^  e^  —p  (7) 

\e^  +  500  c*  —  31.25  X  10«  +  100^}« 

+  j2  e^  —  1,000  &\'  =  7.8125  x  10«  —  5  +  10*^.  (17) 
^,=5590  (19) 

i^ij(l_3.2xlU^i>)+(.894cos^p+.4478in^p)i/l— t).4xlu-^pr 
c  =559  (20) 

^i { (1—3  2 X  10"*i>)+(894cosf — .447sin  ip  i/illeTix  10-^^J. 

Maximum  output, 

p  =    156.25  K.W.  (21) 

at,  ^1  =  2795  volts  \ 

0  =    125  amperes     J  ^    ' 

Running  light, 

«,»  +  500  &  —  6.25  X  10*  T  40  t?  ^1  =  0     \ 

<4  =  20<?±    i/6.25  X  10*  —  100  &         \       ^    ^ 


(43) 
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At  the  minimum  value  of  r,  e.  m.  f.  <5i  =  0,  is.  ^  =  112  (29) 
At  the  minimum  value  of  current,  c?  =  0,  is,  e^  =  2500  (30) 
At  the  maximum  value  of  c.e.m.f.  e^  =  5590  is,  c  =  223.6(31) 
At  the  maximum  value  of  current,  o  =  250,  is,  Ci  =  5000(32) 
Curve  of  zero  displacement  of  phase, 

e,  =  10   i/(250  —  of  +  ^tc'  (34) 

=  10   4/6.25  X  10*— 500c +  5  <J* 
Minimum  c.  e.  m.  f.  point  of  this  curve, 

0  =  50     «i  =  2240  (35) 

Curve  of  maximum  displacement  of  phase, 

^  =  10  c»  (40) 

(6.25  X  10«  —  O'  +  -65  X  10«  tf*  —  10^^  ^  =  0       (42) 

Fig.  3  gives  the  two  ellipses  of  zero  power,  in  drawn   lines, 

with  the  curves  of  zero  displacement  in  dotted,  the  curves  of 

maximum  displacement  in  dash-dotted  lines,  and  the  points  of 

maximum  power  as  crosses. 

Fig.  4  gives  the  Motor  Power  Characteristics,  for, 
jt?  =  10  K.  w. 
p  =z  50  K.  w. 
p  =  100  K.  w. 
p  =  150  K.  w. 
p  =  156.25  K.  w. 
together  with  the  curves  of  zero  displacement,  and  of  maximum 
displacement. 

G.     Discussion  of  Kesults. 

The  characteristic  curves  of  the  synchronous  motor,  as  shown 
in  Fig.  4,  have  been  observed  by  me  frequently,  with  their  essen- 
tial features,  the  V-shaped  curve  of  no  load,  with  the  point 
rounded  off  and  the  two  legs  slightly  curved,  the  one  concave, 
the  other  convex ;  the  increased  rounding  off  and  contraction  of 
the  curves  with  increasing  load ;  and  the  gradual  shifting  of  the 
point  of  minimum  current  with  increasing  load,  first  towards 
lower,  then  towards  higher  values  of  c.  e.  m.  f.  ^,. 

The  upper  parts  of  the  curves  however  I  have  never  been  able 
to  observe  experimentally,  and  consider  it  as  probable,  that  they 
correspond  to  a  condition  of  synchronous  motor  running,  which 
18  unstable.  The  experimental  observations  usually  extend  about 
over  that  part  of  the  curves  of  Fig.  4,  which  is  reproduced  in 
Fig.  5,  and  in  trying  to  extend  the  curves  further  to  either  side,, 
the  motor  is  thrown  out  of  synchronism. 
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It  mast  be  understood,  however,  that  these  power  character^ 
ifltics  of  the  synchronous  motor  in  Fig.  4  can  be  considered  as 
approximations  only,  since  a  narober  of  assumptions  are  made, 
which  are  not,  or  only  partly  fulfilled  in  practice.  The  foremost 
of  these  are : 

1.  It  is  assumed  that  ^  can  be  varied  unrestrictedly ;  while  in 
reality  the  possible  increase  of  e^  is  limited  by  magnetic  saturation. 
Thus  in  Fig.  4,  at  an  impressed  e.  m,  f.  <?o  =  2,510  volts,  e^  rises 
up  to  5,590  volts,  which  may  or  may  not  be  beyond  that  which 
can  be  produced  by  the  motor,  but  certainly  is  beyond  that  which 
can  be  constantly  given  by  the  motor. 


2,  The  reactance  s  is  assumed  as  constant.  While  the  reactance 
of  the  line  is  practically  constant,  that  of  the  motor  is  not,  but 
varies  more  or  less  with  the  saturation,  decreasing  for  higher 
values.  This  decrease  of  8  increases  the  current  c  corresponding 
to  higher  values  of  <9i,  and  thereby  bends  the  curves  upwards  at  a 
lower  value  of  Oi  than  represented  in  Fig.  4. 

It  must  be  understood  that  the  motor  reactance  is  not  a  simple 
quantity,  but  represents  the  combined  effect  of  self-induction^ 
that  is,  the  b.  m.  f.  induced  in  the  armature  conductor  by  the  cur- 
rent flovsring  therein,  and  armature  reaction,  that  is,  the  variation 
of  the  o.  B.  M.  F.  of  the  motor  by  the  change  of  the  resnltant 
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field,  due  to  the  superposition  of  the  m.  h.  f.  of  the  armature 
current  upon  the  field  excitation. 

3.  These  curves  in  Fig.  4  represent  the  conditions  of  constant 
electric  power  of  the  motor,  thus  including  the  mechanical  and 
the  magnetic  friction  (core  loss).  While  the  mechanical  friction 
can  be  considered  as  approximately  constant,  the  magnetic  fric- 
tion  is  not,  but  increases  with  the  magnetic  induction,  that  is  with 
eij  and  the  same  holds  for  the  power  consumed  for  field  exci- 
tation. 

Hence  the  useful  mechanical  output  of  the  motor  will  on  the 
same  curve  ^  =  const,  be  larger  at  points  of  lower  o.  e.  m.  f.  ^j, 
than  at  point-*  of  higher  «i,  and  if  the  curves  are  plotted  for  con- 
43tant  useful  mechanical  output,  the  whole  system  of  curves  will 
be  shifted  somewhat  towards  lower  values  of  ^j,  hence  the  points 
of  maximum  output  of  the  motor  correspond  to  a  lower  e.  m.  f. 
Jklso. 

It  is  obvious  that  the  true  mechanical  power  characteristics  of 
the  synchronous  motor  can  be  determined  only  in  the  case  of  the 
particular  conditions  of  the  installation  under  consideration. 


1894.]  8TEINMJSTZ  ON  THE  SYNCHRONOUS  MOTOR,  777 

Discussion  in  New  York. 

Mr.  Kennelly: — This  subject  is  so  very  iDteresting  and  it  is 
-capable  of  such  very  beautiful  expression,  that  if  Mr.  Steinmetz 
will  pardon  me  for  making  room  on  tlie  blackboard,  I  think  it 
might  interest  some  of  those  who  have  followed  Mr.  Steinmetz's 
Able  exposition  of  it  to  see  the  same  results  and  the  same  treat- 
ment presented  under  a  different  point  of  view. 

The  fundamental  relations  of  the  continuous  current  motor 
Are  two,  namely  an  e.  m.  f.  relation  and  an  activity  relation.     If 
Ehe  the  impressed  e.  m.  f.  at  armature  terminals  (volts) 
e        "     counter  e.  m.  f.  in  the  armature  (volts) 
R      "     resistance  of  the  armature  (ohms) 
/       "     current  through  the  armature  (amperes) 
P      "     activity  absorbed  electro-dynamically  by  the  arma- 
ture (watts). 
Then  the  drop  in  the  armature  resistance  must  be  {E  —  e\  volts, 
and  this  divided  by  the  resistance  of  the  armature  must  give  the 
current  in  the  motor  by  Ohm's  law,  so  that 

The  product  of  the  current  and  the  o.  e.  m.  f.  of  the  motor 
must  be  the  activity  absorbed  by  the  armature  and  expended  in 
mechanical  output  and  in  overcoming  frictions  of  every  kind,  so 
that 

el=  P.  (2) 

The  c.  E.  M.  F.  e  depends  upon  the  speed  and  excitation.  For 
a  given  excitation  the  speea  of  the  armature  automatically  ad- 
justs itself  until  the  riglit  amount /of  current  passes  through, 
to  enable  e  1  just  to  absorb  the  power  needed  lor  output  plus 
frictions. 

In  the  synchronous  alternating  current  motor  we  have  the 
same  equations,  employing  the  same  terms,  but  with  their  mean- 
ing slightly  extended  to  suit  the  changed  condition.  The  speed 
of  the  armature  cannot  now  change,  assuming  the  generator  to 
run  at  a  constant  speed,  and  the  c.  e.  m.  f.  of  the  armature  de- 
pends entirely  on  the  excitation.  If  the  c,  b.  m.  f.  was  restricted 
to  being  in  phase  with  the  impressed  e.  m.  f.,  it  is  clear  that 
with  equations  (1)  and  (2)  could  only  be  satisfied  by  giving  just 
the  right  excitation,  ana  that  the  relations  would  be  unstable,  for 
any  change  in  the  load  would  upset  the  relation  until  a  new  and 
correct  iield  excitation  had  been  given  to  make  e  properly  limit 
the  entering  current.  But  if,  as  is  found  to  be  the  case,  the 
O.E.M.F.  e  can  differ  in  phase  from  E^  a  new  means  of  automatic 
adjustment  is  ])rovided.  The  resistance  li  of  the  armature  be- 
comes, in  the  case  of  an  alternating  current  circuit,  an  impedance 
«/(ohms).  Also,  when  the  current  and  the  o.  e.  m.  f.  are  out  of 
step,  the  activity  P  is' not  their  simple  numerical  product,  but 
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their  co-directed  product,  i.e.,  the  product  of  one  and  the  resolved 
part  of  the  other  in  its  direction,  viz. : 

e  /cos  a  =  P^ 

a  being  the  angle  of  phase  difference.     The  fundamental  equa- 
tions of  a  synchronouB  motor  are,  therefore, 

-^'  =  /  (3> 

«  /  COB  a  =  P.  (4) 

In  equation  {2)  E  t  J  and  /  are  all  vector  quantities,  while  in 
equation  (4)  all  the  quantities  are  numerics  only,  e  and  I  being- 
the  number  of  volts  and  amperes  in  e  and  /respectively,  without 
regard  to  direction.  The  conseqnences  of  these  relations  are  most 
clearly  manifefited  ffraphically. 

Separably  Ex«l«d  8«p«pftt«ly  Excited  Synchronout 

OentlrTuoitt  Current  Motor  Alternating  Current  Motor 


/H 


9^250  volte  ,„  y 


•^•• 


DropC  C.&M.J.  ^  '^       -ti 


_,               ex^lOOO  volts  ,^ 

Bf |C 


S>50  oKin» 


Fig.  1. 

If  we  take  a  1,250  volt  continuous  current  motor  of  50  ohms 
armature  resistance,  and  let  it  run  under  a  load  snch  that  its 
mechanical  output  is  4  kw.,  then  the  losses  of  activity  in  friction, 
hysteresis  and  eddies  (by  measurement  or  computation)  might  be 
5  KW.,  making  the  power  absorption  P  =  5  k.  w.  and  the  current 
in  the  arraatnre  5  amperes.  The  drop  in  the  armature  will  be 
260  volts,  and  the  c.  e.  m.  k.  1,000  volts. 

If  the  line  a  b  in  Fig.  1  represents  1,250  volts  to  scale,  and 
the  line  b  c  beneath  1,000  volts,  then  £,  —  e  will  be  a  o,  or  250 
volts,  and  this  divided  by  the  resistance  of  the  armature  50  ohma 
gives  5  amperes  the  current  in  the  motor. 

Taking  now  the  corresponding  case  of  an  alternating  synchron- 
ous motor,  A  B  (Fig.  2)  represents  the  e.  m.  f.  e  of  1,250  volts  at 
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terininalB.  The  c.  e.  m.  f.  e  will  not  UBually  be  iu  phase  with 
this,  but  raay  have  an  inclined  direction,  such  as  b  c,  beneath,  of 
1,000  volts  magnitude,  this  c.  e.  m.  f.  will,  neglecting  the  second- 
arv  effects  of  armature  reaction,  remain  constant  at  all  loads 
when  the  excitation  of  the  Held  magnets  is  constant.  J^ —  e  will 
therefore  be  a  b  —  b  c  or  a  c,  Fig.  2,  shown  as  354  volts,  and 
this  will  be  the  drop  in  the  armature,  instead  of  250  volts  in  the 
continuous  current  case.  To  find  the  current,  we  divide  a  c  by 
the  impedance  of  the  armature.  If  the  annature  resistance 
r  =  50  ohms,  and  its  reactance  8  =  say  50  ohms,  the  impedance 
will  be  ./  =  70.7  Z45°  ohms,  as  shown  in  Fig.  2.     If  we  divide 

this  into  a  c,  we  not  only  obtain  the  numerical  quotient— —^r  =  5 

amperes,  but  we  lav  off  this  quotient  along  a  d  inclined  at  the  im- 
pedance angle  45  from  a  c,  in  accordance  with  the  rules  of 
vector  division.  In  this  case  a  b  happens  to  be  iu  phase  with  or 
parallel  to  b  c  the  c.  e.  m.  f.,  so  that  their  co-directed  product  is 
their  simple  numerical  product  5  X  1000  =  5  k.w.  the  activity 
mechanically  absorbed  by  the  armature.  Usually,  however,  thev 
will  not  be  parallel,  but  will  include  some  angle  a  less  than  90  , 
The  phase  angle  between  e  and  £  will  therefore  be  such  that  the 
vector  drop  a  c,  which  must  connect  a  with  some  point  on  the 
circle  h  c  k  of  radius  f ,  when  divided  b\'  the  vector  impedance  Jy 
gives  a  current  whose  co-directed  product  with  e  gives  the  activ- 
ity which  the  motor  requires  at  its  imposed  torque. 

The  separately  excited  continuous  current  motor  adjusts  its 
current  by  its  speed  and  c.  *£.  m.  f.  The  separately  excited 
synchronous  motor  cannot  alter  its  speed  or  c.  e.  m.  f.,  but  ad- 
justs its  current  by  its  phase  of  c.  e.  m.  f.  By  varying  the 
magnet  excitation  and,  therefore,  the  c.  e.  m.  f.  of  the  armature, 
the  phase  angle  of  the  cun*ent  for  a  constant  load  can  be  widely 
altered.  It  can  be  made  to  lag  behind,  to  run  before,  or  to  keep 
step  with  the  impressed  e.  m.  f. 

Db.  Pupin: — ^T  would  like  to  add  one  or  two  remarks  to 
what  I  have  already  said,  merely  as  a  comment  to  Mr.  Steinmetz's 
remarks.  The  differences  between  Mr.  Steinmetz's  method  and 
that  of  Lieutenant  Reber  are  essential  if  I  understand  Mr.  Stein- 
metz  correctly.  The  practical  results  to  which  they  lead  will,  of 
course,  be  the  same.  They  can  be  stated  as  follows  : — that  Mr. 
Steinmetz  defines  his  quantities  by  calling  them  certain  names. 
He  calls  a  thing  "impedance  "  and  defines  it  by  saying  that  it  is 
the  product  of  an  electromotive  force  multiplied  by  a  current. 
The  reactance  is  then  defined  by  the  relation  u^=ii^-{'^  where 
r  is  the  resistance,  s  the  reactance  and  u  the  impedance.  The 
electromotive  forces,  and  the  currents  are  given  by  trie  amplitudes. 
The  back  electromotive  force  is  the  e.  m.  f.  of  the  motor.  These 
definitions  are  non-committal  and  therefore  Mr.  Steinmetz's  re- 
sults will  be  true  even  if  hysteresis,  Foucault  current,  and  mag- 
netic leakage  are  present.     Bui  if  they  are  to  hold  true  in  the  pres- 
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ence  of  these,  then  tlie  quantities  which  they  define  are  only  experi- 
mentally measurable  quantities,  and  cannot  be  calculated  by  a 
general  formula ;  as  we  can  calculate,  for  instance,  the  coefficient  of 
83lf-induction  of  a  coil  surrounding  a  closed  magnetic  circuit  in 
terms  of  the  number  of  turns,  and  tlie  reluctance  of  the  magnetic 
circuit,  when  the  modifying  effects  due  to  the  Foucault  currents 
and  magnetic  leakage  are  neglected. 

Of  course  to  a  practical  engineer  who  wishes  to  consult  the 
results  only,  Mr.  Steinmetz's  results  are  just  as  valuable  as  any 
other.  But  to  a  designer  or  to  an  inventor,  or  to  an  investigator 
who  wishes  to  go  beyond  tlie  actual  results,  and  inquire  into  the 
causes  of  armature  reactions,  magnetic  leakages,  variations  of 
permeability,  etc.,  the  theory  which  speaks  in  terms  of  those 
quantities  as  defined  in  Lieut.  Reber's  paper  seems  to  me  to  be 
much  preferable.  Besides  the  fundamental  theory  of  a  new  appa- 
ratus like  the  motor  should  be  written  in  terms  of  the  fundamen- 
tal quantities,  that  is  resistance,  co-efficient  of  self-induction,  and 
capacity,  as  ideally  defined.  It  is  a  tlieorv  of  an  important  prac- 
tice, and  it  is  intended  to  be  the  foundation  on  which  the  mem- 
bers of  this  Institute  are  going  to  build,  and  in  the  course  of  this 
building  up  it  will  be  time  enough  to  take  care. of  hysteresis, 
Foucault  currents  and  magnetic  leakage.  If  you  look  at  the 
question  from  the  fundamental  standpoint,  you  must  take  an 
ideal  view  of  it,  and  therefore  you  must  treat  the  fundamental 
quantities  like  resistance,  self-induction,  and  capacity  in  an  ideal 
sense.  The  theory  so  constructed,  as  I  said  oefore,  will  serve 
two  purposes.  It  will  express  relations  of  the  fundamental  quan- 
tities in  an  ideal,  and  therefore  perfectly  definite  sense;  and 
secondly,  it  will  give  you  a  hint  why  in  a  given  case  practical 
results  differ  from  the  purely  ideal  relations.  It  will  give  you 
hints  which  may  lead  to  discovery  of  new  properties  ot  the  ma- 
terial of  which  the  machine  is  constnicted.  It  will  assist  you  in 
investigating  the  properties  of  the  various  parts  of  electric  and 
magnetic  circuits — the  properties  which  you  did  not  take  into 
consideration  in  the  ideal  theory,  but  the  existence  of  which  will 
in  all  probability  bring  about  practical  results  differing  from  the 
ideal  theory.  I  think  that  this  is  a  very  important  thing  to  con- 
sider in  theoretical  discussions. 

There  is  another  reason  why,  in  m v  opinion,  Lieut.  Reber  could 
not  adopt  Mr.  Steinmetz's  methodf.  If  he  had  adopted  this 
method,  I  do  not  see  how  he  could  have  considered  the  quantity 
K  to  which  he  attaches  so  much  importance :  namely,  the  relation 
between  the  reactance  and  the  resistance  ;  and  how  could  he,  for 
instance,  arrive  at  the  result  that  it  is  a  very  good  thing  to  intro- 
duce a  resistance  or  capacity  in  a  motor  if  you  want  to  vary  its 
torque.  So  that  I  do  not  agree  with  Mr.  Kennelly  or  with  Mr. 
Steininetz  that  because  one  theory  seems  to  be  formally  simpler 
than  another,  that  it  is  more  desirable.  One  theory  may  be  good 
for  one  man,  the  other  theory  is  good  for  another  man,  and  that 
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theory  which  is  to  serve  as  the  fundamental  theory,  say,  of  an 
induction  motor,  must  take  into  consideration,  not  the  mean 
value  of  experimentally  determinable  quantities,  like  impedance, 
counter-electromotive  force,  etc.,  but  the  fundamental  quantities, 
the  ideal  resistance,  the  self-induction,  and  the  capacity,  and  that 
too  the  values  of  these  quantities  for  ideal  conditionsj  for  it  is  under 
these  conditions  only,  that  we  can  calculate  beforehand  the  nu- 
merical values  of  these  quantities. 

Mb.  Steinmetz  : — I  think  Prof.  Pupin  misunderstood,  due  to 
the  shortness  of  what  I  said.  These  equations  of  the  induction 
motor,  which  I  wrote  here,  giving  the  torque  and  the  power,  did 
not  contain  the  impedance,  but  contained  the  resistance  and  the- 
reactance.  The  quantity,  «,  is  nothing  else  than  =  2  t  iV  Z.- 
As  long  as  the  frequency  is  the  same,  the  reactance  remains  the 
same,  and  in  the  impedance  of  the  armature  I  used  resistance 
and  reactance  separately,  and  in  tlie  latter  introduced  tlie  slij)  sa 
as  not  to  get  a  variable  quantity,  but  reduced  to  reactance  at 
standstill. 

Thus  all  the  quantities  used  by  me  are  reduced  to  the  funda- 
mental constants,  resistance,  inductance,  capacity — which  is 
absent  in  an  induction  motor — and  coefficient  of  hysteresis.  The 
armature  resistance  is  contained  explicitly  in  the  equation,  and 
it  was  from  these  very  equations  that  I  investigated  its  effect- 
Therefore,  the  exceptions  made  by  Dr.  Pupin  ao  not  apply  ta 
my  theory. 

Dk.  Pupin  : — But  yoxx  do  not  specify  that  you  are  neglecting- 
leakage  and  hysteresis;  as  long  as  you  do  not  do  that,  so  longwill 
s  be  not  the  reactance  that  can  be  expressed  in  number  of  turns, 
length,  cross-section,  and  permeability  of  the  magnetic  circuit, 
etc.,  by  the  well-known  rules,  but  will  be  a  quantity  tiiat  can  be  de- 
termined by  actual  experimental  test  only. 

Mb.  Steinmetz  : — I  do  not  think  that  is  so.  When  I  want  to 
build  a  100-horse  power  induction  motor,  if  I  should  build  it  first 
and  then  determine  by  actual  test  its  reactance,  etc.,  I  do  not  think 
that  such  a  way  of  designing  would  do  for  a  long  time.  All 
these  quantities  are  determined  by  calculations  beforehand,  and 
when  1  said  that  I  build  the  induction  motor  so  as  to  give  a 
starting  torque  50  per  cent,  in  excess  of  running  torque,  tliis  is- 
not  done  by  running  the  motor,  and  experimentally  determining 
what  resistance  gives  the  desired  torque,  but  the  resistance  is  cal- 
culated before  the  motor  is  built,  and  the  test  of  the  finished 
motor  merely  checks  tlie  calculation. 

Db.  Pupin  : — If  you  take  these  values,  you  ought  to  say  in  the 
beginning  of  the  paper  that  you  are  neglecting  hysteresis  and 
leakage. 

Mb.  Steinmetz  : — No.     Hysteresis  is  not  neglected. 

Db.  Pupin  : — No  man  in  tiie  world  can  calculate  the  coefficient 
of  self-induction  of  a  varying  magnetic  circuit  in  which  the  per- 
meability and  the  distribution  of  magnetic  induction  is  continu- 
ally varying. 
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Mb.  Stkinmetz  : — The  permeance  does  not  vary.  The  iron  in 
an  induction  motor  necessariljr  is  worked  at  a  low  magnetic  in- 
duction, where  its  permeabihty  is  so  high,  that  the  reluctance 
of  the  magnetic  circuit  is  practically  all  the  reluctance  of  the  air- 
ajap.  1  can  show  you  such  motor  magnetization  curves,  where 
I  nad  the  same  induction  motor  running  at  various  magnetic 
inductions,  that  is,  at  various  impressed  electromotive  forces. 
The  curve  of  current,  that  is,  of  m.  m.  f.,  as  function  of  the 
E.  M.  F.,  that  is  the  magnetic  induction,  is  practically  a  straight 
line,  which  extended,  passes  through  the  origin.  That  is,  the 
magnetic  reluctance  is  practically  constant. 

Dr.  Pupin  : — If  that  is  so,  and  I  think  it  is  so,  as  you  say,  then 
hysteresis  and  the  variation  of  the  magnetic  permeability  and  the 
variation  of  the  magnetic  leakage  with  the  load  does  not  amount 
to  quite  as  much  as  you  led  me  to  infer  in  your  discussion  of  Mr. 
Keber's  paper. 

Mr.  Steinmetz:— No.  That  is  a  different  thing.  The  hya- 
teresis  may  vary,  and  so  may  vary  the  magnetic  stray  field,  and 
the  useful  flux.  But  the  reactance  has  nothing  to  do  with  hys- 
teresis. It  is  entirely  independent.  The  magnetic  leakage  means 
the  magnetic  flux  passing  between  armature  and  field,  between 
primary  and  secondary  circuits.  If  you  take  an  ordinary  inducr 
tion  motor  and  have  no  resistance  in  the  armature,  a  highly  eflB- 
cient  induction  motor,  then  at  standstill  more  than  half  the  flux 
passes  between  the  primary  and  secondary,  and  the  product  of 
the  two  Z's  is  very  greatly  different  from  M^.  It  is  nearly  four 
times  as  large. 

Coming  now  to  the  theory  of  the  synchronous  motor,  the 
quantities  introduced  in  the  equations  are :  the  impressed  e.  m.  f., 
the  counter  e.  m  f.,  and  the  impedance.  The  counter  e.  m.  f.  is 
the  E.  M.  F.  induced  in  the  armature  conductors  by  their  rotation 
through  the  magnetic  field,  thus  is  derived  from  the  magnetic 
characteristic  of  the  machine,  which  can  be  determined  experi- 
mentally or  calculated  as  known.  The  impedance  is  composed 
of  the  resistance,  /•,  and  the  reactance,  s. 

The  only  quantity  which  is  variable  and  of  complex  nature  is 
the  reactance  of  the  motor  proper,  which  includes  the  self-induc- 
tion and  the  armature  reaction.  Thus  this  quantity  has  been 
specially  discussed  by  me  in  the  last  chapter. 

I  have  tried  to  reduce  all  the  quantities  entering  the  equations 
to  their  elementary  constants,  which  can  be  determined  experi- 
mentally, and  which  can  be  calculated  beforehand,  because  a 
theory  of  any  machine  is  very  nice  and  of  high  scientific  interest, 
but  to  be  useful,  the  first  condition  is  that  you  can  determine 
all  the  quantities  which  enter  into  the  theory  beforehand  by  cal- 
culation, the  second  condition  is,  that  you  can  easily  determine 
these  quantities  by  experiment  to  check  the  correctness  of  your 
calculation,  and  the  third  condition  is  that  you  can  easily  recog- 
nize the  limits  of  the  practical  application  of  your  theory. 

[Adjourned.] 
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[Discussion  in  Chicago,  Oct.  ITth.J 

Me.  M.  a.  Edson  : — In  discussing  a  paper  of  this  kind  we 
•cannot,  of  conr8e,go  into  the  mathematical  aetails  and  blackboard 
work,  as  it  becomes  very  uninteresting  to  those  not  directly 
interested,  and  is  very  much  in  the  nature  of  pure  mathematics. 
But  still  you  can  look  at  it  in  another  light :  that  it  has  some 
practical  value  in  special  design  and  should  form  a  useful  ad- 
junct to  our  all  but  too  small  data  on  the  subject  of  synchronous 
motors,  and  we  will  assume  the  theory  to  be  correct  until 
proven  otherwise  by  practice.  The  conditions  under  which 
such  motors  are  generally  constructed  are  such,  that  the  appli- 
<5ation  of  the  best  theory  on  paper  as  to  the  rough,  practical 
problems  of  every  day  construction,  do  not  always  produce  the 
test  ultimate  results ;  in  other  words,  the  motor  will  rarely 
match  the  theory.     There  are,  of  course,  other  points  in  this 

Eaper  which  I  have  not  gone  into  very  fully  and  looked  over ; 
ut  when  we  turn  to  the  last  note,  there  appears  a  little  para- 
graph which  seems  to  explain  the  whole  thing.  It  says :  "  It  is 
'^  obvious  that  the  true  mechanical  power  characteristics  of  the 
"  synchronous  motor  can  be  determined  only  in  the  case  of  the 
'^  peculiar  conditions  of  the  installation  under  consideration."  I 
think  that  is  about  all  the  discussion  I  have  upon  that  particular 
subject,  and  I  hope  there  are  others  here,  and  believe  there  are, 
who  will  take  it  up  in  more  mathematical  form  and  enlighten 
xiA  more  on  the  principle  embodied  in  the  theory. 

WiLLYODNG    ON   MEASURING    INSTRUMENTS. 
[See  p.  476.] 

The  Chairman  : — There  were  two  papers  read  at  the  Phila- 
delphia meeting  of  the  Institute,  whicli  are  to  be  taken  up  this 
evening  for  discussion. 

All  me  members,  of  course,  have  seen  these  papers.  One  is 
by  Mr.  Elmer  G.  Willyoung  on  "Standardizing  Electrical 
Measuring  Instruments,"  and  the  other  by  Prof.  K.  B.  Owens 
and  C.  A.  Skinner  on  "Test  of  a  Closed-Coil  Arc  Dynamo."  I 
will  ask  Mr.  J.  G.  Wray,of  the  Chicago  Telephone  Company,  to 
open  the  discussion  on  Mr.  Willyouno^'s  paper.  We  will  have  to 
assume  in  this  case  also  that  the  paper  has  been  read. 

Mr.  J.  G.  What  : — I  notice  that  there  is  already  a  very  good 
discussion  of  this  paper  by  Mr.  R.  O.  Heinrich.  In  some  things 
I  will  agree  with  him,  bnt  in  others  I  will  differ.  He  speaks 
about  tlie  use  of  this  instrument  for  laboratory  practice,  and  says, 
"  where  time  is  usually  a  minor  consideration,  the  potentiometer 
"  would  be  commendable ;  but  when  it  comes  to  accuracies  as 
"  high  as  one-tenth  of  one  per  cent.,  I  should  always  take  the 
"  silver  voltameter  and  a  standard  resistance  as  a  last  resort  for 
•"  a  check  on  the  standard  cell." 

Mr.  Heinrich,  in  his  discussion,  seems  to  favor  the  use  of  the 
Toltameter  in  standardizing  measuring  instruments.     My  experi- 
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eiice  with  the  silver  voltameter  has  demonstrated  the  fact  that 
this  method  is  alttti^ether  too  delicate  fi>r  the  average  station 
electrician.  In  order  to  get  the  best  resnirs,  or  even  results  of 
moderate  Hccuracy,  some  con8idera!)le  experience  with  the 
metliod  is  necessary.  The  trouble  seems  to  be  in  securing  tiie 
right  current  density.  You  may  take  the  electrodes  of  such 
size  as  to  attain  the  right  current  density,  but  still  there  is  a 
chance  for  trouble.  The  electrodes  may  not  be  parallel,  or  the- 
electr<»IytB  may  vary  in  density,  thus  causing  an  increase  in  cur- 
rent density  and  a  granular  depo>it.  With  great  care  exercised 
during  the  experiment,  and  with  precision  and  accuracy  in  all 
mea  uremtnts,  very  good  results  may  be  attained;  but  in  the 
hands  of  any  but  a  laboratory  expert,  results  will  be  sadly  incon> 
sistent.  In  regard  to  the  potentiometer  itself  I  am  surprised  that 
such  extreme  accuracy  is  claimed,  an  accuracy  which  is  phenom- 
enal and  lianlly  consistent  with  the  variation  found  in  a  Clark 
cell.  The  sliding  contact  in  connection  with  the  lower  resis- 
tances, would,  as  Mr.  Heinrich  has  shown,  affect  the  accuracy  of 
me.isurements.  The  machine  is  too  complicated,  has  too  many 
levers  and  switches.  What  is  needed  in  a  station  is  a  direct 
reading  instrument  of  fair  accuracy. 

Me.  8.  A.  linoDKs : — The  main  point  in  the  potentiometer,  I 
think,  is  that  it  is  a  standard  instrument,  placed  in  a  portable 
sha|)e,  comparing  in  this  respect  with  standards  of  resistance. 
The  potentiometer  could  only  be  used  »s  a  standard  instrument^ 
for  the  reason  pointed  out  by  Mr.  Heinrich,  that  the  potenti- 
ometer method  being  a  zero  method  would  require  a  constant 
current  for  comparison,  in  order  to  obtain  an  accurate  balance. 
However,  many  users  of  portal »le  voltmeters  would,  I  think,  be 
greatly  relieved  at  times, t<»  be  able  to  compare  their  instruments 
readily  with  some  standard  not  liable  to  change,  due  to  decrease 
in  strength  of  the  permanent  magnet,  or  change  in  tension  of 
spring.  As  it  is  now,  such  voltmeters  are  returned  to  the  manu- 
facturers for  calibration,  and  after  some  delay  and  expense,  re- 
ceived back  from  them,  still  liable  to  the  suspicion  tliat  they 
were  severely  handled  in  transit  and  thereby  still  liable  to  error. 
If  a  bridge  and  standard  cell  are  at  hand,  the  user  of  the  port- 
able voltmeter  can,  after  a  somewhat  tedious  series  of  adjust- 
ments and  calculations,  obtain  a  calibration  <»f  his  voltmeter.  It 
is  this  series  of  adjustments  and  calculations  which  are  performed 
by  the  potentiometer  directly,  and  the  potentiometer  would, 
thereby,  be  valued  in  propartiun  as  its  labor  saving  qualities 
would  be  appreciated. 

Prof.  W.  M.  Stink: — The  idea  of  arranging  the  potenti- 
ometer, which  is  essentially  a  lai)oratory  instrument,  so  as  to 
place  it  on  the  market  for  ct>mmercial  testing,  is  not  a  new  one. 
When  the  probable  sources  of  error  are  considered  together  wiih 
tht$  delicacy  and  complexity  of  the  method,  the  atti-mpt  seems 
rather  rash.     Though  this  is  not  the  fiiist  attempt,  yet  so  far,  1  be- 
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lieve,  the  others  have  been  demonstrated  to  be  partial  failures. 

The  potentiometer  method  is  admirably  adapted  for  the  comt^ 
parison  of  low  e.  m.  f's.,  such  as  are  produced  by  standard  and 
other  cells.  However,  when  the  standard  cell  is  employed  as  the 
nnit  of  E.  M.  F.,  and  this  is  multiplied  in  various  ways  to  offset 
voltage  varying  from  100  to  300  volts,  an  error  which  in  itself 
may  be  inappreciable  becomes  a  factor  which  cannot  be  over* 
looked,  I  question  if  a  standard  cell  in  ordinary  commercial 
testing  can  be  relied  upon  for  any  length  of  time. 

I  think  the  experience  of  the  London  Board  of  Trade  is  of 
value  in  this  connection.  I  understand  that  they  employ  fall  of 
potential  methods  for  the  evaluation  of  e.  m.  f's  in  preference  to- 
the  standard  cell.  A  case  of  coils  wound  to  carry  about  .25  am* 
peres,  and  the  total  resistance  divided  into  50  coils  of  equal 
resistance,  and  provided  witli  suitable  contacts,  would  constitute- 
a  le^s  expensive  and  more  reliable  piece  of  apparatus.  If  the 
coils  were  of  manganin  wire  and  immersed  in  oil,  the  tempera*- 
tiire  error  could  l)e  kept  very  low.  A  Weston  mil-ammeter 
could  be  employed  to  measure  the  current.  If  the  apparatus  was 
properly  constructed  the  source  of  error  would  lie  principally  in 
the  reading  of  the  current.  But  since  the  error  is  not  multiplied, 
the  method  may  be  relied  upon  to  a  small  fraction  of  a  per  cent 
throughout  the  range.  Since  the  error  in  this  case  dependa 
upon  the  ammeter,  the  question  arises,  why  not  employ  a  volt- 
meter of  standard  make  at  once?  In  the  first  place  the  mil- 
ammeter  is  more  reliable  and  accurate,  and  further  it  is  compara* 
tively  easy  to  check  its  readings  by  the  use  of  a  voltameter. 

My  experience,  however,  with  Weston  instruments  inclinea 
me  to  believe  a  Weston  voltmeter  used  only  for  standardizing 
purposes,  will  in  general  use,  prove  as  accurate  as  a  potenti- 
ometer. Eecently,  I  had  occasion  to  compare  eight  Weston  volt- 
meters at  110  volts,  and  found  that  the  actual  variation  did  not 
exceed  -^^  per  cent. 

I  question  whether  Mr.  Willyoung's  attempt  to  make  his 
apparatus  complete  and  compact  by  including  the  galvanometer 
is  wise.  I  do  not  know  if  tne  galvanometer  is  sufiiciently  sensi«^ 
tive  for  this  class  of  work.  The  galvanometer  being  inclosed  ia 
the  case  cannot  readily  be  gotten  at  for  adjustment,  and  from  its- 
construction  will  doubtless  readily  get  out  of  order. 

I  have  the  pleasure  of  showing  to  the  members  of  the  Insti- 
tute, tliis  evening,  a  potentiometer  made  by  Nalder  Bros,  and 
Co.,  of  London.  As  a  piece  of  apparatus  it  is  not  complicated, 
and  seems  about  as  well  adapted  to  general  use  as  it  is  possible  to 
construct  a  potentiometer.  In  this  instrument  the  resistance  is  so 
proportioned  that  there  is  a  drop  of  one  volt  over  each  2u0  ohms. 
A  standard  cell  is  opposed  to  the  drop  over  a  coil  whose  resis- 
tance is  203  rimes  in  ohms  the  e.  m.  f.  of  the  battery.  A  galvan- 
ometer included  in  the  battery  circuit  indicates  when  the  two 
X.  M.  F^s.  are  exactly  opposed. 
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The  diagram  very  clearly  indicates  the  resistance  relations  of 
the  apparatus  and  its  method  of  use.  A  suitable  galvanometer 
is  connected  to  binding  posts  1  and  2.  The  source  of  the  main 
K,  M.  r.,  either  lighting  or  storage  battery  mains,  is  connected  to 
posts  4  and  5,  while  the  voltmeter  to  be  calibrated  is  connected 
to  3  and  6.  These  connections  are  suitably  indicated  on  the 
ebonite  top  of  the  case.  It  will  be  noticed  that  the  instrument 
contains  two  standard  cells,  which  ma^  be  opposed  through  the 
galvanometer  for  the  purpose  of  checking.  One  of  these  cells, 
by  a  spring  attachment  to  the  contact  is  always  used  in  calibra^ 


Diagram  op  Nalder  Bros.  Potentiometer. 


tion,  while  the  second  is  reserved  for  checking  the  first  one. 
Th's  suffices  to  indicate  when  the  working  cell  becomes  unre- 
liable. When  the  2<>,000  ohm  coil  is  short  circuited  by  inserting 
the  plug,  the  instrument  will  check  to  111  volts  by  tenths.  This 
coil  compensates  for  a  drop  of  100  volts,  so  that  removing  the 
plug,  the  range  extends  over  211  volts. 

An  objection  hat*  been  raised  to  the  use  of  such  apparatus  on 
incandescent  mains.  I  find  that  a  dynamo  run  on  a  light  and 
constant  load  answers  very  well  for  furnishing  e.  m,  f.  for  such 
testing,  and  can  be  varied  so  as  to  give  a  sufficient  number  of 
points  for  calibration  of  voltmeters. 


AMERICAN  INSTITUTE  OF  ELECTRICAL 
ENGINEERS. 


New  York,  November  2l8t,  1894. 

The  9l8t  meeting  of  the  Institute  was  held  this  date  at  12 
West  Thirty-first  street,  and  was  called  to  order  at  8.15  p.  m.  by 
President  Houston : 

The  Secretary  read  the  minutes  of  the  meeting  of  October 
17th,  1894. 

,Thb  Pkesidknt: — Gentlemen,  yon  have  heard  the  minutes  of 
the  last  stated  meeting.  What  action  will  you  take  on  them  ?  If 
the  Chair  hears  no  objection  he  will  consider  them  as  being 
Approved.  They  are  approved.  The  Secretary  will  now  reaa 
the  names  of  associate  members  elected  at  the  Council  meeting 
to-day,  and  also  of  those  transferred  to  full  membership. 

The  Secretary  read  the  following  list : 


Name. 

Appleton,  Joseph 


Archer,  Geo.  F. 
Ashley,  Frank  M. 
Blizard,  Charles 

Davenport,  C.  G. 
J]  ADA  WAT,  W.  S.,  Jr. 
Hbdenbero,  Wm.  L. 


Address.  Endorsed  by 

Electrical  En^neer,  The  Eleo-         T.  C.  Martin. 

trie  Storage  Battery  Co. ;  resi-         Jos.  Wetzler. 

denoe,  7o6  South  Washington     Geo.  M.  Phelps. 

Square,  Philadelphia,  Pa. 
Student  in  Electrical  Engineer-        P.  B.  Crocker. 

ing,   Columbia  College  ;  resi-     Max  Osterberg. 

dence.  Garden  City,  L.  I.  W.  H.  Freedman. 

Master  Mechanic,  Ashley  Engin-  Townsend  Wolcott. 

eering    Works,    Hawthorne,  Joseph  Sachs. 

N.  J.,  136  Liberty  St..  N.  Y.  W.  A.  Rosenbaum. 
General  Sales  Agent,    Electric  Townsend  Wolcott. 

Storage  Battery  Co. ,  45  B' way ;        E.  T.  Birdsall. 

residence.  76  Madison   Ave,      F.  Reckenzaun. 

N.  Y.  City. 
Expert  and  Agent,  General  Elec-       J.  R.  Love  joy. 

trie  Co.,  44  Broad  St.,  N.  Y.       C.  D.  Haskins. 

City.  J.  H.  Vail. 

Electrician,      Central    Electric     Joseph  Wetzler. 

Heating  Co.,  26  Cortlandt  St.,    Ralph  W.  Pope. 

N.  Y.  City.  T.  C.  Martin. 

Draughtsman,  W.  R.  Fleming  &  C.  H.  Davis. 

Co.  ;    residence,    88    Clinton        F.  S.  Holmes. 

Place,  N.  Y.  City.  B.  P.  Flint. 
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Nftme. 

MuNNs,  Chas.  K. 


RiDLBT,  A.  E.  Bbookb 


Robinson,  Francis  G. 


Varnbt,  William  Wbslet 


Address. 

Electrician,  Strowger  Autom. 
Tel.  Exchange,  Ghica^,  111.; 
residence,  1002  W.  Monroe 
Street.  Chicago,  111. 

Agent ,  Electrical  Engineer, 
Siemens  and  Halflke  Electric 
Co.,  508  California  St.,  San 
Francisco,  Cal. 

Foreman,  Bushwick  and  Union 
Ave.  Depots,  Brooklyn  Heights 
R.R.  Co. :  residence,  156  Macon 
St.,  Brooklyn,  N.  Y. 

Attorney  at  Law,  Electrical  Ex- 
pert, 116  East  Lexington  St. ; 
residence,  1001  Harlem  Ave., 
Baltimore,  Md. 


EndoraeJ  hj 
Ludwig  Gutmaiin. 
C.  L.  Brown. 
Fred.  De  Land. 

Geo.  P.  Low. 
F.  C.  Colville. 
Sidney  Sprout. 

F.  B.  Crocker. 

M.  I.  Pupin. 

W.  H.  Freedman. 

J.  F.  Morrison. 

Chas  R.  Cross. 

W.  J,  Humphrey .^ 


Total,  11. 
TRANSFERRED  FROM  ASSOCIATE  TO  PULL  MEMBERSHIP. 


Approved  by  Board  of  Examiners,  October  5,  1804. 


Sands,  H.  S. 


Consulting  and  Contracting  Electrical  Engineer, 

Wheeling,  W.  Va. 
District  Engineer,  Canadian  General  Electric  Co.^ 

Winnipeg,  Man. 
Superintendent  and  Electrical  Engineer,  General 

Electric  Co.,  Portland,  Or. 
Superintendent  New  Glasgow  Electric  Co.,  New 

Glasgow,  N.  S. 
Electrical  Engineer,  SchQckert  &  Co. ,  Nuremberg, 
Germany. 
Total,  5. 

The  President: — We  will  now  have  the  first  paper  an- 
nounced for  the  eveningr.  It  is  by  Professor  George  D.  Shep- 
ardson,  and  is  entitled  ^^  Saggestions  for  an  Index  of  Engineerings 
Litei-ature."  In  the  absence  of  Prof.  Shepardson,  Mr.  T.  Ol 
Martin  has  kindly  agreed  to  read  the  paper. 
Mr.  Martin  gave  an  abstract  of  the  following  paper: 


Boss,  Norman  N. 
Chenky,  W.  C. 
Bowman,  Fred.  A. 

TlSCHX2n>0ERFER,  F.  W. 


A  fafer  ^tsenUd  at  ihi  Ifinty/lrst  Muting  o/ih9 
AmericoH  InstitMU  9/  EUctrical  Engiiutrs^ 
Ntw  Y^rk^  PrtsidttU  ffotuton  in  the  CAair^  and 
Ckieagp^  Mr.  Ltland  L.  Summers  in  ike  Chair ^ 
NtvtmUr  arst^  i3^. 


SUGGESTIONS  FOR  AN  INDEX  OF  ENGINEERING 
LITERATURE. 

BY  PROF.  GEORGB  D.  8HEPABDS0N. 

It  is  said  that  at  one  time  all  existing  knowledge  could  be  ob- 
tained by  one  man.  Indeed  there  is  a  general  belief  that  Dante, 
who  lived  from  1265  to  1321  A.  D.,  was  the  happy  possessor  of 
-all  that  was  known  in  civilized  countries.  One  occasionally 
meets,  even  at  the  present  day,  individuals  whose  manner  indi- 
cates the  possession  of  such  universal  knowledge,  but  their 
<;laims  lack  official  certification.  It  is  impossible  to  know  every- 
thing relating  to  even  one  of  the  many  branches  of  learning  at 
the  present  day,  although  the  sciences  are  so  finely  subdivided. 

Not  many  years  ago  it  was  practicable  for  persons  of  moderate 
income  to  take  all  the  papers  and  magazines  treating  of  engin- 
eering and  allied  sciences.  To-day  the  number  of  periodicals  is 
^o  great  that  one  could  hardly  read  all  that  is  in  them,  or  even 
digest  all  the  memoirs  bearing  upon  his  own  field  of  work,  unless 
he  devoted  to  it  the  major  part  of  his  time.  '  He  would  be  so 
busy  learning  what  others  are  doing,  that  he  would  have  no  time 
to  do  anything  original  himself. 

Nevertheless,  in  undertaking  an  investigation  on  any  subject, 
whether  for  engineering,  manufacturing  or  purely  scientific  pur- 
poses, one  of  the  first  things  one  should  do  is  to  look  up  the 
subject  thoroughly  in  order  to  learn  what  others  have  done  and 
Are  doing.  One  thereby  avoids  spending  energy  on  problems 
that  others  have  already  solved,  or  working  along  lines  that 
others  have  proved  to  be  fruitless.  He  obtains  hints  as  to  the 
most  promising  directions  in  which  to  work,  and  the  best 
methods  for  working. 
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Id  some  lines  of  engineering  much  has  been  crystallized,  and 
standard  text- books  and  manuals  have  been  prepared,  containing 
the  essence  of  the  best  that  has  been  written  on  the  subject. 
The  authors  of  many  of  the  earlier  manuals  gave  little  credit  to 
others,  and  left  the  reader  with  the  impression  that  the  book  con- 
tained the  sum  of  all  knowledge.  The  abstracts  in  books  are 
necessarily  colored  by  the  individual  views  of  the  editor.  It  is 
preferable  to  refer  back  to  the  original  memoirs,  especially  if 
one  wishes  to  obtain  details  of  the  investigations.  More  recently 
the  commendable  custom  of  continental  writers  is  being  adopted 
m  scientific  books  and  papers  published  in  this  country,  so  that 
this  difficulty  is  being  removed  to  a  considerable  extent.  As  all 
lines  of  engineering  and  science  are  developing  at  a  rapid  rate, 
the  books  are  necessarily  behind  the  times,  and  the  live  worker 
must  read  the  current  periodicals  in  order  to  know  what  is  being^ 
done  by  others. 

A  common  method  of  learning  the  history  and  present  state 
of  knowledge  oh  a  given  subject,  is  to  obtain  access  to  the  filea 
of  periodicals  in  a  library,  and  search  the  indexes  of  the  separate 
volumes  for  articles  upon  the  subject  under  investigation.  Some 
journals  of  long  standing  have  occasionally  published  indexes  of 
complete  files  covering  a  number  of  years.  Searching  the 
various  indexes  volume  by  volume  is  tedious  and  diflicult.  One 
is  apt  to  overlook  the  very  papers  for  which  he  is  searching, 
when  hunting  cursorily  through  index  after  index.  One  usually 
works  under  the  disadvantage  of  having  only  incomplete  files  or 
those  of  only  a  few  periodicals.  After  the  most  careful  search 
through  the  material  available,  he  still  has  the  feeling  that  some 
other  periodical  not  immediately  accessible  may  contain  exactly 
the  information  he  seeks. 

To  save  the  time  of  busy  people  and  to  call  attention  to  a  mass 
of  material  that  would  otherwise  be  available  to  comparatively 
few,  attempts  have  been  made  at  different  times  to  compile  in- 
dexes of  literature.  Perhaps  the  greatest  of  these  is  the  "Royal 
Society  Catalogue  of  Scientific  Papers,"  consisting  of  eight 
quarto  volumes  of  about  1000  pages  each.  This  was  compiled 
tinder  the  auspices  of  the  Royal  Society  of  England  and  was 
printed  by  the  English  government  at  public  expense.  It  gives 
alphabetical  lists  of  titles  and  authors  of  scientific  papers  pub- 
lished in  every  civilized  country  between  the  years  1800  and 
1873,  but  excludes  technical  and  professional  papers. 
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Next  to  this  stands  Poole's  Index  of  Current  Literature,  pub- 
lished in  this  country  by  private  enterprise.  The  first  volume^ 
compiled  with  the  cooperation  of  52  libraries,  indexes  6*200 
rolnmes  which  were  published  during  the  period  from  1803  to 
1882,  and  contains  about  1000  references  to  articles  on  electric 
cal  subjects  that  appeired  in  popular  and  scientific  journals* 
The  second  volume,  to  which  97  libraries  contributed,  covers  the 
period  from  1882  to  1887  and  contains  about  600  references  to 
articles  on  electrical  subjects.  The  third  volume,  compiled  with 
the  cooperation  of  122  libraries,  covers  the  period  from  1887  to 
1892  and  gives  about  500  references  to  electrical  papers.  The 
volume  for  1893  gives  about  100  such  references.  In  Poolers 
Index  there  is  some  attempt  at  classification  of  electrical  papera 
and  there  are  a  few  cross  references. 

The  Descriptive  Index  of  Current  Engineering  Literature, 
compiled  from  the  monthly  summaries  in  the  Journal  of  the 
Association  of  Engineering  Societies^  gives  an  excellent  resume 
of  engineering  literature  between  1884  and  1891.  This  is  de- 
voted principally  to  civil  engineering,  but  gives  about  30  pagea 
with  700  references  to  electrical  papers.  Most  of  the  referencert 
indicate  the  character  of  the  papers.  The  cross  references  are 
excellent.  The  monthly  index  in  the  Journal  of  the  Association 
of  Engineering  Societies,  is  commendable  in  that  it  prints  the 
indexes  on  only  one  side  of  the  leaf  so  that  they  may  be  cut  and 
re-arranged  according  to  the  ideas  of  the  individual.  The  Journal 
for  each  December  contains  a  summary  of  the  monthly  indexe«» 
of  the  year. 

The  Amerioan  iNSTrruTS  of  Elbotriga.l  Engineebs  published 
in  its  Transactions  for  about  three  years,  1886  to  1888,  an 
excellent  index  of  current  electrical  literature  compiled  gratui<» 
tously  by  a  gentleman  too  modest  to  have  his  name  appear. 
Volume  V  of  the  Transactions  contains  about  6,100  references^ 
volume  vi  about  5,800,  and  the  first  few  numbers  of  volume 
vii  contain  about  1,500  references.  Some  of  these  are  accom-* 
panied  by  descriptive  notes. 

The  first  volume  of  Qalloupe's  Engineering  Index,  compiled 
and  publiiihed  by  private  enterprise,  gives  about  28  pages  with 
1,500  references  to  articles  on  electrical  subjects  appearing  in  tb^ 
years  1833  to  1887.  The  second  volume,  1888  to  1892,  givtm 
61  pages  with  about  3,300  references,  titles  and  authors  being: 
given. 
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An  increasingly  excellent  index  appears  in  the  Engineerinff 
Magazine^  the  figures  for  which  are  not  at  hand.  Recently 
Electric  Power  has  launched  out  into  this  field.  The  digest  of 
foreign  literature  in  the  Electrical  World  is  commendable,  but 
confessedly  incomplete.  Extended  indexes  are  published  at  inter- 
vals by  the  French  and  Germans.  A  universal  index,  published 
weekly  at  Leipzig,  aims  to  gives  tables  of  contents  of  a  number 
of  journals  arranged  in  the  alphabetical  order  of  their  places  of 
publication.  Doubtless  there  are  other  indexes  not  knowu  to  the 
present  writer. 

A  commendable  custom  of  La  Lumiere  ^lectriquey  that  might 
well  be  imitated  by  other  periodicals,  was  to  publish  at  intervals 
complete  lists  of  articles  that  had  previously  appeared  in  the 
paper  bearing  upon  particular  subjects. 

To  the  mind  of  the  writer,  the  most  ideal  index  yet  attempted  was 
that  published  at  first  in  connection  with  Electrical  Engineering 
and  later  as  a  too  short-lived  publication  by  itself  under  the  name 
of  Electrical  Literature.  The  printing  of  the  indexes  on  sepa- 
rate sheets,  perforated  and  tied  together,  each  sheet  being  devoted 
to  a  single  subject,  combines  the  advantage  of  flexible  classifica- 
tion of  subjects  with  ease  of  arranging  the  sheets  from  month  to 
month  so  as  to  make  the  bibliography  of  each  subject  consecutive 
and  up  to  date.  Having  the  sheets  loose  and  perforated  for 
binding  with  brass  clips  or  cords,  allows  each  individual  to  sup- 
plement  the  printed  sheet  by  his  own  notes  or  additional  refer- 
ences. The  publisher  is  also  able  to  add  sheets  descriptive  of 
later  or  earlier  memoirs  without  impairing  the  integrity  of  pre- 
vious work.  It  should  be  and  doubtless  is  a  matter  of  sincere 
regret  by  the  electrical  and  mechanical  engineering  professions 
that  this  publication  was  forced  to  suspend  on  account  of  lack  of 
financial  support. 

Since  the  available  printed  indexes  are  imperfect,  many  indi- 
vidual students  feel  the  need  of  keeping  private  indexes.  In 
some  centers,  such  as  universities  and  large  cities,  personal  friends 
sometimes  cooperate  in  maintaining  a  common  index.  Yet  even 
in  such  a  case  one  cannot  escape  the  feeling  that  much  of  his 
labor  is  needless,  since  some  one  else  may  be  doing  the  same 
thing  better.  He  feels  also  that  it  is  not  as  useful  as  it  might  be, 
because  only  he  and  his  immediate  friends  have  the  benefit  of 
his  index  which  might  be  of  use  to  many  if  it  could  be  made 
more  available. 
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Occasionally  one  favors  his  fellows  by  publishing  his  biblio- 
graphy on  some  special  subject.  An  excellent  example  is  "Titles 
of  Literature  Concerning  the  Fixation  of  Free  Nitrogen  by 
Plants,"  contained  in  Bulletin  No.  IX  of  Minnesota  Botanical 
Studies,  which  gives  references  to  over  600  papers,  compiled 
by  Professor  D.  T.  MacDougal,  of  the  University  of  Minnesota. 
Another  valuable,  but  less  extensive  index  was  published  in  the 
Electrical  World,  vol.  xii,  p.  6,  July  1,  1898,  by  J.  Stanford 
Brown,  giving  about  376  references  to  papers  on  '*  Accumulators 
in  Practical  Work." 

Those  who  have  free  use  of  the  published  indexes,  find  it  desir- 
able to  supplement  them  by  manuscript  notes  for  several  reasons. 
Many  of  the  memoirsdeal  with  more  subjects  than  the  one  indicated 
by  the  title.  Discussions  of  mattera  of  interest  are  often  found 
huried  in  papers  having  little  other  value,  and  bearing  other  titles. 
In  many  cases  the  titles  given  by  the  authors  are  misleading  and  do 
not  indicate  the  true  nature  of  the  memoir.  The  published  indexes 
cover  only  periodical  literature  and  give  little  or  no  attention  to  the 
books  which  often  contain  valuable  matter  that  has  not  found  its 
way  into  the  journals.  In  many  cases  books  contain  reprints  or 
4ibstracts  of  papers,  the  originals  of  which  are  inaccessible  while  the 
books  containing  them  may  be  easily  procured.  Some  of  the  pub- 
lished indexes  give  only  bare  references  lo  the  articles,  while  the  in« 
vestigator  finds  it  desirable  to  obtain  abstracts  or  outlines  of  papers 
.  when  looking  up  any  subject.  He  must  therefore  supplement 
the  index  with  comments  of  his  own.  Some  of  the  monthly 
summaries  are  poorly  classified  and  it  is  almost  as  laborious  to 
hunt  up  the  bibliography  of  a  subject  from  these  as  from  the 
original  periodicals.  Even  those  that  are  well  classified,  are  pub* 
lished  in  sections  and  it  is  necessary  to  look  through  the  index 
month  by  month  to  complete  a  search. 

In  view  of  the  present  state  of  the  case,  as  imperfectly  outlined 
above,  what  seems  to  be  the  best  method  of  securing  the  publi- 
^cation  of  an  index  that  shall  avoid  the  failings  of  those  already 
existent  ?  One  of  the  first  considerations  is,  that  the  compilation 
•of  an  index  which  will  be  an  improvement  upon  all  existing 
ones,  must  be  the  result  of  the  cooperation  of  a  large  number  of 
people,  as  was  Poole's  Index  to  which  over  122  libraries  con- 
tributed. It  will  require  the  expenditure  of  a  considerable 
•amount  of  money  and  will  probably  not  be  self-supporting. 
Such  work  could  probably  be  done  best  under  the  auspices  of 
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some  Bociety  or  societiee,  as  was  the  Royal  Society  Catalogae. 
Since  the  index  might  well  include  the  subjects  of  interest  to  elec- 
trical, mechanical,  hydraulic,  civil  and  perhaps  mining  engineers, 
it  seems  reasonable  that  the  various  national  engineering  societies 
might  combine  forces  to  maintain  the  publication  of  an  index  that 
would  be  of  lasting  value  to  the  engineering  profession  of  the 
entire  world.  Since  the  headquarters  of  four  of  the  national 
societies  are  in  the  same  city,  two  of  them  being  in  the  same 
building,  such  cooperation  would  not  seem  difficult.  A  joint 
committee  might  be  appointed  which  would  receive  the  confi- 
dence and  tlie  cooperation  of  all.  They  could  draw  upon  a  large 
constituency  for  cooperation  and  subscriptions.  The  committee 
might  outline  the  plan  for  the  work,  and  prepare  preliminary  lists 
of  subjects,  which  might  be  published  and  submitted  to  the  mem> 
bers  for  suggestions.  The  committee  could  then  call  upon  differ- 
ent members  for  contributions  from  their  private  index  files. 
The  committee  should  have  authority  to  edit  the  contributions 
thus  received.  Doubtless  a  number  of  publishing  houses  would 
contribute  complete  tiles  of  their  publications  for  such  indexing. 
Indeed  some  of  them  iiave  already  made  such  offers  to  a  private 
enterprise  for  such  purpose.  Incidentally  the  material  thus 
received  would  make  a  valuable  addition  to  the  libraries  which 
are  being  gathered  at  the  headquarters  of  the  societies.  Such  a 
committee  could  certainly  compile  an  index  that  would  be  far  in 
advance  of  the  imperfect  ones  now  published.  The  vast  amount 
of  duplicate  labor  now  expended  by  the  papers  and  by  individ- 
uals could  then  be  turned  to  more  efficient  work. 

In  conclusion  the  writer  begs  to  add  some  suggestions  as  ta 
the  style  of  such  an  index.  It  should  include  subjects  relating- 
to  electrical,  mechanical,  hydraulic,  civil  and  perhaps  mining 
engineering.  It  should  index  books  as  well  as  periodicals.  The 
references  should  be  descriptive  so  far  as  practicable.  Each  sub- 
ject should  have  a  page  by  itself.  Digests  and  simple  references 
might  be  on  separate  sheets.  References  and  sheets  on  each  sub- 
ject might  be  numbered  consecutively  for  convenience  in  adding 
later  notes  from  other  files  or  from  later  publications  of  the  same 
articles.  Abbreviations  or  other  symbols  should  indicate  whether 
the  reference  is  to  the  original  paper  or  to  a  re-print,  whether  the 
paper  is  in  full  or  abstract,  whether  accompanied  by  discussion 
and  by  plates  or  illustrations.  The  separate  sheets  should  be  per- 
forated for  re-arranging  and  re-binding  and  should  be  printed  on 
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one  side  only.  It  might  be  preferable  to  print  the  whole  index 
on  cards  similar  to  those  nsed  in  the  card  catalogues  of  libraries. 
In  this  way  it  would  be  practicable  to  begin  publication  at  an 
early  date  and  to  issue  parts  at  frequent  intervals.  The  indexea 
to  current  publications  could  be  issued  without  delay,  and  those  of 
Completed  files  or  historical  works  could  appear  as  the  work  pro- 
ceeded. Publishing  the  work  in  sections  would  allow  each  engineer 
or  student  to  purchase  or  subscribe  for  only  such  subjects  as  were 
of  importance  or  interest  to  him.  Indeed  the  work,  if  carried  out 
properly,  would  result  in  so  massive  a  catalogue  that  few  outside 
of  libraries  or  other  public  institutions  could  afford  to  obtain  the 

entire  work. 

*  *  *  *  * 

After  this  paper  was  prepared,  the  writer  learned,  in  looking 
over  some  periodicals  which  accumulated  during  the  summer,  that 
the  Eoyal  Society  recognizes  the  defects  of  its  admirable  catalogue 
and  is  taking  steps  to  revise  and  bring  it  down  to  date  with  the 
eooperation  of  learned  societies  in  various  parts  of  the  worlds 
{London  Elect/rician^  xxxiii,  268,  July  6,  1894.) 
University  of  Minnesota, 
November  1,  1894. 
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Discussion. 

Mr.  Mabtin  : — There  is  an  index  of  electrical  literature  which 
is  not  mentioned  by  Prof.  Shepardson.  I  refer  to  the  publica- 
tion of  which  I  hare  brought  a  volume  this  evening,  so  that  the 
members  may  look  at  it.  I  dare  say  it  is  familiar  to  a  ^reat 
many,  certainly  to  the  President  It  is  the  Ft-rtschritte  der 
Elektroteohmk.  This  is  a  most  masterly  index  of  electrical  liter- 
ature; but  you  will  see  at  once  of  how  little  value  it  is  for  pur- 
poses of  current  work  when  I  tell  you  that  this,  which  is  the  last 
volume  bound  up  to  date,  is  for  1891,  and  we  are  now  on  the 
verge  of  18ti5.  An  index  that  is  four  years  behind  the  date  is 
hardly  likely  to  be  of  much  use  to  American  engineers,  to  say 
the  least.  It  may  be  of  use  in  Europe,  but  certainly  not  here,  in 
the  way  we  like  to  use  indexes.  Tlie  whole  field  of  an  industry, 
as  in  electric  railroads  or  alternating  currents  or  electric  heating 
or  electrolytic  work,  may  often  change  within  that  period,  and 
very  materially;  and  the  whole  literature  you  may  want  to  look 
up  in  the  space  of  four  years  is  warjting.  But,  so  far  as  it  goes, 
this  is  certainly  by  long  odds  and  altogether  the  best  thing  that  I 
know.  I  have  had  one  or  two  dabs  at  indexes  myself,  and  I 
think  I  can  appreciate  a  good  thing  of  this  kind  when  I  see  it.  I 
look  at  this  publication  with  admiration  and  awe.  A  work  of 
this  kind,  it  seems  to  me,  is  best  done  under  the  auspices  and 
with  the  assistance  of  such  a  society  as  ours.  It  in  best  accom- 
plished when  the  work  is  divided  up,  so  that  the  work  as  divided, 
IS  handled  by  men  who  are  experts  in  the  several  fields.  We 
have  had  a  good  many  efforts  m  this  direction,  and  one  or  two 
very  creditable  ones  are  being  made  in  this  country.  The  Elec- 
trioal  Worldy  as  you  know,  has  an  admirable  digest  of  foreign  lit- 
erature, and  Mr.  Fred  DeLand,  of  Chicago,  has  made  a  good 
attempt  in  the  direction  of  literature  generally;  and  Electric 
Power^  in  this  city,  has  done  some  excellent  work.  But,  while 
those  attempts  are  open  to  commendation,  I  think  we  all  appreci- 
ate the  fact  that  the  efforts,  while  good,  fall  short  of  that  which 
an  index  must  be,  and  must  accomplish,  to  be  of  absolute  and 
final  value  as  an  index.  It  is  a  subject  that  members  can  well 
give  their  attention  to.  I  have  myself  tried  once  or  twice  to 
bring  it  within  the  purview  and  scope  of  the  Institijte^s  work, 
and  I  still  believe  firmly  that  it  is  part  of  the  work  that  the  Insti- 
tute, in  the  long  run,  will  have  to  take  a  hand  in  carrying  out, 
whether  by  itself  or  in  association  with  other  engineering 
bodies. 

Thb  Pbesident: — We  should  be  pleased  to  hear  from  any 
member  either  concerning  the  paper  itself,  which  we  presume 
you  have  all  read,  or  any  matter  referring  to  the  subject  of  the 
paper — "  The  Indexiuir  of  Engineering  Literature." 

Mr.  J.  Stajifobd  Brown  {communicated): — Prof.  Shepard- 
son's  paper  touches  on  a  subject  of  growing  importance,  and  one 
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which,  it  woald  seem,  might  be  wisely  taken  np,  as  he  suggests, 
co-operatively  bv  the  great  engineering  societies  having  their 
headquarters  in  Kew  York;  and  I  trust  the  American  Institute 
OF  Elkotricax  £noin£Brs  will  appoint  a  committee  to  at  least 
investigate  and  report. 

There  is  one  very  important,  and,  in  some  respects,  the  most 
important,  index  published  in  the  electrical  fiela  which  is  not 
mentioned  in  the  paper  to-night,  namely,  the  Fort>*chritte  der 
Mtktroteohnik^  a  quarterly  begun  in  1887  and  published  in  Ber- 
lin by  Julius  Springer.  The  collaborators  are  L.  Orth,  M.  Seg- 
fEert,  D.  H.  Borns,  fir.  M.  Dolivo-Dobrowolsky,  Dr.  C.  Heim,  Dr. 
Kiliani,  G.  Grawinkel,  Dr.  E.  Pirani  and  Dr.  A.  Koepsel. 

The  volume  for  1887  consists  of  840  large  8vo  pages  with  40 
pages  of  appendix,  which  includes  4,493  articles,  with  digests  of 
all  the  important  ones. 

Vol.     I.  has  4.493  articles. 

Vol.    II.  has  4.672  articles. 

Vol.  III.  has  5,213  articles. 

Vol.  IV.  has  6,000  articles. 

Vol,    V.  has  5,987  articles. 

Or 26,365  articles  in  5  years. 

The  rest  are  not  at  hand  to  enable  figures  to  be  given.  Be* 
sides,  each  of  these  articles  is  reprinted,  more  or  less  abbrevi- 
ated, in  anywhere  from  one  to  twenty  periodicals,  all  of  which  are 
noted,  with  the  length  of  such  abstract,  so  that  one  can  choose 
how  fully  he  will  look  any  one  of  them  up.  Each  volume  also 
presents  an  author's  index  which,  at  times,  is  invaluable. 

It  would  seem,  however,  more  feasible  to  make  use  of  existing 
materiHl  and  work,  than  to  start  all  over  and  duplicate,  which  the^ 
professor  hiinaelf  metitions.  The  drawbacks  to  the  usefulness  of 
tiie  FortBohriUe  are,  first,  that  it  is  in  German,  and,  second,  that 
it  is  always  a  year  behind  time.  Now,  why  not  try  and  co-oper- 
ate with  these  gentlemen,  aid  them,  and  get  the  work  published 
contemporaneously  in,  say,  New  York,  London,  Paris  and  Berlin, 
in  the  monthly  journals  of  the  American  Institute  op  Elec- 
trical Engineers,  the  British  Institntion  of  Electrical  Engineers 
and  the  corresponding  French  and  German  societies?  This 
would  make  the  work  available  to  us  all.  It  is  a  matter  of  regret 
that  1  am  not  present  so  as  to  give  some  experience  in  the  detail 
of  such  work. 

For  a  li>t  of  66  different  makes  of  arc  lamps,  including  three 
or  four  references  each,  see  Electrical  Enterprise^  vol.  ii..  No. 
18,  p.  3.>9,310'9K 

And  on  128  makers  of  primary  cells  see  Elecfrical  Enterprise^ 
vol.  ii..  No.  20,  p.  403,  14  N,  '91,  and  vol.  ii.,  No.  22.  p.  445, 
28  N,  '91,  both  compiled  by  the  writer.  These  were  refused 
publication  in  the  New  York  electrical  papers  at  that  time.  The 
Ahekioan  Instituie  of  Elecirical  Engineers  has  now  under 
couoideration  the  publication  of  several  hundred  references  on 
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"  electrical  power  distribution "  collected  by  the  writer  and 
offered  by  him  to  the  Institute.  I  have  a  number  of  other  elec- 
trical lists  that  I  would  give  to  any  electrical  journal  that  will 
promise  to  publish  them  at  once.  These  lists  have  all  been  made 
in  the  course  of  professional  work,  and  carried  only  so  far  as  the 
matter  in  hand  demanded.  Ou  some  future  occasion  the  art  of 
taking  and  filing  professional  notes  might,  with  advantage,  be 
discussed  by  the  Institute;  meantime  those  interested  can  refer 
to  *'  Scientific  Note  Making  "  in  the  New  York  Electrical  Engi- 
neer^ xii.,  No.  167,  p.  56,  15th  July,  1891. 

At  present  I  am  compiling  references  on  the  '*  Steam  Engine." 
I  have  entered  to  date  some  230  books,  giving  author,  title,  pub- 
lisher, size,  binding,  date,  edition,  nuinber  of  illustrations  and 
Krioe;  library  catalogue  numbers  for  Columbia  College,  Brook-^ 
/n  Library,  R.  R.  Branch,  Y.  M.  C.  A.,  American  Society  of 
Mechanical  Engineers,  etc. — in  short,  of  all  important  libraries  in 
and  around  New  York  City.  And  also  references  to  articles,  in- 
cluding, to  date,  some  1,200  entries.  Should  any  one  be  willing 
to  let  me  consult  their  lists,  I  will  gladly  exchange  courtesies. 

Prop.  W.  E.  Qoldsborodgh  {communicated): — ^After  con- 
sulting with  several  members  of  the  Institute  I  have  decided  to 
make  the  following  suggestion,  in  view  of  the  paper  to  be  pre- 
sented by  Prof.  Sheparqson  on  the  21st  instant. 

Would  it  not  be  well  for  the  Insiitute  to  undertake  the  publi- 
cation of  a  card  catalogue  of  current  engineering  literature,  in- 
cluding in  its  scope  not  only  the  leading  articles  in  the  engineer- 
ing journals  and  notices  of  the  papers  presented  before  the 
various  engineering  and  scientific  societies,  out  also  references,  in 
a  digested  form,  of  all  new  books,  publications  or  other  engineering 
iHatter  of  importance  ?  The  Duudles  of  cards  might  be  mailed  at 
the  end  of  each  month. 

In  view  of  the  demand  of  the  profession  for  some  ready 
means  of  keeping  in  touch  with  the  rapid  advances  at  present 
being  made  in  all  oranches  of  engineering,  which  make  it  almost 
impossible  for  one  to  even  spend  the  time  to  cull  out  from 
the  whole  mass  of  matter  that  which  is  of  interest  without 
attempting  to  read  it,  it  would  seem  that  such  a  publication,  by 
responsible  partlee^  would  meet  with  very  general  approval  and 
support,  on  the  part  of  scientific  men. 

An  addition  of  four  or  five  dollars  to  the  present  amount  of 
the  annual  dues  would  surely  cover  the  expense  attached  to  such 
a  venture,  supported  as  it  would  be,  in  the  outset,  by  our  whole 
membership  of  several  hundred ;  and  a  thorough  canvass  of  our 
membership  would,  I  believe,  disclose  a  decided  willingness, 
on  the  part  of  a  large  majority,  to  endorse  such  a  project. 

The  journals  and  books  necessary  would  be  furnished  by  the 
publishers  without  doubt,  on  account  of  the  advertising  feature 
of  tlie  catalogue. 
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Mb.  Max  Ostbbbsbo  {communicated): — Having  given  the 
question  of  indexing  a  good  deal  of  thought,  I  wish  to  make  use 
of  this  opportune  moment  to  point  out  a  few  of  the  features 
that  present  themselves  before  starting  that  work. 

1.  Index  vs.  Synopsis. — The  writer  believes  tliat  a  synopsis  is 
preferable  to  an  index,  as  the  title  of  papers  alone  does  not  always 
imply  what  the  article  contains,  as  Prof.  Shepardson  has  pointed 
out  in  his  paper. 

2.  Weekly  or  Monthly  vs.  AnnttcU  Synapsis. — A  journal  ap- 
pearing weekly  or  monthly  can  easily  give  a  short  synopsis  of  toe 
previous  week  or  month,  and,  for  the  benefit  of  those  who  wisii 
to  have  the  reports  of  a  whole  year,  it  is  but  a  small  matter  com- 
paratively to  compile,  at  the  end  of  the  p^ear,  all  the  single  syn- 
opses which  have  appeared  during  that  time. 

3.  OrosS'Heferences  of  Articles.— It  is  often  an  extremely  hard 
question  to  decide  under  what  heading  an  article  is  to  be  put, 
and,  furthermore,  not  infrequently  a  matter  of  opinion ;  hence, 
every  article  which  leaves  any  room  for  doubt  ought  to  be 
indexed  under  more  than  one  heading,  the  accompanying  synop- 
sis, of  course,  being  only  necessary  at  one  place. 

4.  Original  Articles  vs.  Trade  Notes. — Trade  notes  are  prac- 
tically nothing  but  advertisements ;  however,  there  are  some 
trade  notes  which  are  of  some  interest  as  well  as  of  actual  value, 
so  that  the  compilers  are  often  in  doubt  as  to  the  advisability  of 
indexing  the  same.  A  greater  difficulty,  however,  lies  in  the 
fact  that  many  technical  journals  print  trade  notes  without  men- 
tioningthat  fact,  which  leaves  the  compiler  in  a  most  embarrassing 
position. 

5.  Gvovna  First  Source  or  AU  Sources. — Is  it  advisable  to 
mention  only  the  first  paper  which  contains  an  original  article  or 
should  all  papers  be  referred  to  which  give  the  article  in  abstract 
or  in  full  ?  The  writer  is  decidedly  in  lavor  of  the  latter  method, 
for  two  reasons :  {a)  Many  papers  are  issued  ahead  of  their  dat- 
ing; (ft)  the  investigator  gets  the  opportunity  to  look  up  such 
papers  as  are  the  most  convenient  for  nim. 

6.  Should  the.  length  of  the  article  he  given,  and,  if  so,  should 
words  or  columns  be  enumerated  f  An  index  should  certainly 
have  some  indication  as  to  the  length  of  the  article ;  and,  the 
forms  and  types  of  the  different  papers  not  being  alike,  the  num- 
ber of  words  should  be  given.  In  a  synopsis  this  is  not  neces- 
sary, as  the  gist  of  it  is  given. 

7.  Object  of  a  Synopsis  or  Index. — There  are  three  classes 
of  people  who  make  use  of  them  :  {a)  The  scientists  who  do  orig- 
inal work  and  make  original  researches;  they  are  certainly  in  the 
minority,  and  usually  sufficiently  posted  on  their  particular  line 
of  research  to  make  their  own  investigations.  It  seems  hardly 
fair  to  make  societies  pay  towards  an  absolutely  complete  index 
of  every  subject,  with  so  many  cross-references  as  conceivable, 
for  the  benefit  of  the  few.    \b)  The  practical  engineer  who  is. 
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interested  in  some  specialties  can  look  them  up  in  the  weekly  or 
monthly  digests  or  synopses,  which  some  papers  publish  regu- 
larly for  their  special  ben<fit.  (o)  The  t^umers  who  have  to 
prepare  lectures  on  many  different  subjects,  and  who  often  find 
it  necessary  to  investigate  certain  questions  complete.  They  can- 
not use  a  simple  synopsit>,  for.  besides  the  ^ist  oi  the  article,  they 
want  to  get  at  the  inaividuality  of  the  writers,  especially  if  they 
are  men  of  reputation.  In  this  case  an  index  prepared  by  a  sci- 
entific society,  as  was  done  some  years  Hgo  by  the  American 
Institute  of  Electrical  Engineers,  seems  to  answer  admirably. 

Mr.  Carl  Hering  {communicated): — It  seems  hardly  neces- 
sary to  endorse  the  views  expressed  regarding  the  importance  of 
such  an  index,  as  the  very  great  and  growinff  need  for  it  is  recog- 
nized only  too  well  bv  all  engineers  and  scientists  who  desire  to 
keep  abreast  of  the  times.  I  agree  with  Prof.  Shepardson  in 
most  of  what  he  says,  but  would  like  to  emphasize  some  of  the 
points  and  add  a  few  further  suggestions. 

A  mere  index,  giving  only  the  title  of  the  paper,  the  author, 
and  the  reference  to  the  publication,  though  of  considerable 
value,  is  generally  conceded  to  be  of  far  less  value  than  one 
giving  in  addition  a  few  lines  describing  the  ^neral  nature  and 
scope  of  the  article,  as  for  instance,  whether  it  is  of  a  mathe- 
matical nature,  or  based  on  experiments,  or  a  mere  description 
of  an  apparatus,  etc. ;  the  importance  of  this  additional  informa- 
tion cannot  be  emphasized  too  much.  Owing  to  the  inaccessi- 
bility of  many  of  the  publications,  I  would  recommend  giving 
somewhat  more  than  tnis  whenever  possible,  by  adding  briefly 
the  conclusions,  final  datA  or  results,  as  the  case  may  be,  for  in 
many  articles  certain  valuable  conclusions  are  arrived  at,  which 
will  be  of  great  use  to  many,  while  the  lengthy  process  by  which 
they  are  reached,  though  of  course  of  great  importance  also,  may 
be  of  special  interest  only  to  comparatively  few  persons,  and 
these  few  will  most  likely  want  to  see  the  original  in  any  case, 
whether  it  has  been  abstracted  or  not.  While  it  would  be  of 
value  to  include  very  full  abstracts  of  all  articles,  yet  if  an  index 
of  this  sort  is  attempted  on  too  great  a  scale  it  will  be  more  likely 
to  fail,  and  perhaps  lose  some  of  its  value  by  being  too  bulky ; 
some  limit  must  be  fixed,  and  I  think  the  one  just  pointed  out 
will  in  general  be  the  most  practical. 

Any  abstract,  no  matter  how  competent  may  be  the  one  who 
makes  it,  necessarily  contains  some  personal  element,  even  though 
it  mav  be  slight;  no  man  is  so  proficient  in  all  branches  that  he 
can  abstract  all  articles  equally  well,  and  to  him  the  relative  im- 
portance of  different  articles  and  results  may  be  quite  different 
to  what  it  would  be  to  some  one  else.  It  must  not  be  forgotten 
that  there  are  persons  interested  in  different  branches,  and  they 
should  all  be  entitled  to  consideration.  To  many  electricians  the 
peculiar  freak  of  a  bolt  of  lightning  for  instance,  may  be  a  mat> 
ter  of  no  special  interest,  or  perhaps  of  no  interest  whatsoever,  yet 
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to  the  one  who  is  stadying  the  subject  of  lightDing  arresters, 
lightning  rods  or  the  action  of  lightning,  the  particular  article 
may  be  of  the  greatest  value.  In  general,  though  not  without 
notable  exceptions,  the  author  of  an  article  may  be  supposed  to 
know  more  about  the  particular  subject  matter  ox  the  article  than 
the  average  reader,  and  it  therefore  seems  to  me  that  the  propo- 
sition made  in  England  some  time  ago,  is  an  excellent  one ;  it  is 
to  have  the  author  of  every  paper  make  a  brief  abstract  himself ». 
This  I  would  suggest  should  be  limited  to  giving  briefly  the  ob» 
ject,  general  conclusions,  results  or  final  data,  and  perhaps  also* 
very  brieflv,  the  method  of  reasoning  by  which  they  are  reached* 
It  cannot  be  emphasized  too  strongly  that  thejinalresvlta  or  eon- 
elusions  should  be  stated  in  euch  an  abstract,  provided  they  can 
be  condensed  sufficiently. 

An  index  loses  very  much  of  its  value  if  not  complete,  but  it 
is  a  difficult  matter  to  decide  what  constitutes  completeness. 
There  are  published  weekly,  perhaps  a  thousand  or  more  separate 
articles  and  notes  on  electrical  matters,  of  which  perhaps  nine 
hundred  and  fiftv  are  of  no  general  or  permanent  intercbt  what- 
soever, being  either  an  article  or  note  of  local  or  passing  interest 
only,  such  as  a  note  that  a  certain  city  is  about  to  consider  the 
erection  of  a  plant, — or  perhaps  they  are  little  parag^raphs  techni- 
cally termed  tillers,  whose  only  value  is  to  fill  up  a  column,  there- 
bv  permitting  an  important  article  to  start  at  the  top  of  a  page- 
There  is  probably  no  doubt  that  an  index  should  not  be  burdened 
with  such  matters.  On  the  other  hand,  to  limit  an  index  to  the 
leading  articles  only,  or  to  the  table  of  contents,  is  to  reduce  its 
value  very  greatly,  as  there  are  many  other  paragraphs  which 
often  contain  very  valuable  and  useful  matter  in  the  form  of" 
abstracts,  results,  notes,  criticisms,  suggestions,  etc.  A  system- 
atic index  therefore  should  include  all  matters  likely  to 
be  of  permanent  interest  and  value,  its  scope  should  be  clearly 
defined  at  the  outset,  and  the  ground  to  be  covered  should  theu 
be  covered  completely. 

Prof.  F.  B.  Ceockeb  : — The  subject  of  this  communication, 
while  not  interesting,  is  nevertheless  of  great  importance  to 
many  of  us,  and  particularly  to  those  who  are  forced  to  keep  up 
with,  or  refer  bacK  to  the  literature  of  electricity.  A  preat  many 
persons  are  fortunate  enough  not  to  be  in  that  position ;  they 
carry  their  knowledge  in  their  heads,  and  they  learn  for  the  most 
part  by  actual  experience.  Nevertheless,  electrical  literature  has 
got  to  be  followed  and  referred  to  by  a  large  proportion  of  elec- 
trical engineers,  and  each  man  must  either  nave  it  done  for  him, 
or  do  it  himself.  On  general  principles,  it  would  seem  to  be  far 
better  and  a  great  economy  in  time,  if  one  or  more  persons  de- 
voted their  attention  to  classifying  electrical  literature  for  the 
benetit  of  thousands  of  their  fellow  engineers.  Nevertheless,  I 
think  each  one  of  us  has  a  peculiar  experience  or  position  which 
requires  him  to  index  and  classify  electrical  literature,  to  a  cer- 
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tain  extent,  from  his  own  personal  point  of  view ;  and  where 
these  two  methods  come  together,  and  how  much  one  can  take 
the  place  of  the  other  is  a  matter  that,  I  think,  will  have  to  be 
decided  in  starting  an  index.  In  other  words,  we  should  not 
attempt  to  make  an  index  which  would  cover  every  specialist's 
case.  I  think  that  attempt  has  been  made  in  the  past,  and  for 
that  reason  the  success  has  not  been  very  great.  1  think  a  gen- 
eral index  giving  the  more  important  articles,  irrespective  of 
their  length — and  the  importance  of  an  article  is  by  no  means 
measured  by  its  length — would  dispose  of  the  great  bulk  of 
the  work  of  each  individual ;  and  any  personally  interesting 
article  a  man  would  have  time  to  handle  according  to  his  own 
convenience.  I  think  that  the  great  trouble  with  mdexes  here- 
tofore has  been  that  they  attempted  to  go  too  far,  and,  conse- 
Juently,  have  failed  entirely.  I  think  the  same  in  regard  to  in- 
ividual  efforts  in  this  direction ;  a  man  starts  out  with  a  very 
elaborate  system,  which  he  keeps  up  for  one  week  or  two  weeks, 
or  a  few  months,  if  he  is  very  persevering,  and  then  he  gives  it 
up  entirely  and  does  not  even  take  the  wrapper  off  from  his  eleo- 
tncal  papers  for  the  next  few  mouths.  Now,  that  is  not  the  wav 
to  get  along.  The  only  way  is  to  start  out  with  a  scheme  which 
is  feasible,  and  which  you  can  continue  to  carry  out  indefinitely 
without  taxing  your  perseverance  too  greatly.  In  my  own  case, 
I  have  started  out  and. kept  up  a  scheme  which  is  fairly  satisfac- 
tory, and  it  consists  in  classifying  the  whole  subject  so  far  as  I 
am  interested  in  it— which  is,  unfortunately,  a  large  part  of  elec- 
trical engineering— into  about  200  subdivieions.  Each  of  these 
classes  is  represented  by  one  or  more  large  envelopes  of  stout 
manila  paper,  into  which  I  put  the  various  references,  etc. ;  and, 
if  possible,  I  take  the  article  itself,  which  may  be  a  pamphlet, 
photograph  or  a  clipping  obtained  by  cutting  up  an  extra  copy 
of  the  journal.  I  make  a  collection  of  these  as  I  get  them,  and 
then  classify  them  when  I  have  an  opportunity ;  and  even  that 
takes  as  much  time  as  I  can  possibly  give  to  it.  Any  more  elab- 
orate system  than  that,  I  would  not  be  able  to  pursue  at  all. 
That  system  I  have  been  able  to  carry  out  for  several  years  ;  but 
I  am  beginning  to  think  now  that  I  shall  have  to  devise  a  still 
easier  one.  Isow,  if  one  person  could  do  this  work  for  5,oOO 
others  the  economy  in  labor  would  be  enormous,  and  Would  save 
hours  and  hours  of  work  for  each  individual,  provided  it  could 
be  carried  out;  and  I  believe  that  it  can  be,  and  then  each  man 
could  simply  make  notes  of  some  particularly  interesting  article 
in  his  particular  line;  and  1  think  an  index  which  did  not 
attempt  to  go  too  far,  and  simply  took  care  of  the  bulk  of  the 
subject,  would  be  suflScient.  And  I  am  not  quite  sure  that  it  would 
not  be  better  than  one  that  attempted  to  cover  tlie  entire  sub- 
ject; and,  probably,  it  would  be  kept  up,  whereas  one  that 
attempted  to  cover  the  entire  subject  would  not  be.  I  think  the 
keeping  up  of  the  index  is  a  very  important  point,  because  one 
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that  lasts  for  a  year  or  two  is  little  better  than  no  index  at  all. 
Another  trouble  with  indexes  is  that  they  are  not  kept  np  to 
date.  That  book  which  I  have  seen  passed  about  the  room — rort- 
schritte  der  EUktrotechnik — ^is  very  full  and  very  satisfactory  as 
an  index ;  but,  unfortunately,  it  is  very  far  behind  the  times.  If 
I  am  not  mistaken,  it  is  two  years  behind. 

Mr.  Martin  : — The  last  complete  volume  was  for  1891.  There 
are  separate  parts  that  are  later. 

Prof.  Crocker  : — Then,  apparently,  it  is  about  three  years 
behind  the  times.  The  plan  of  it,  and  the  way  it  has  been  car- 
ried out,  seem  to  be  very  satisfactory.  But  it  is  too  far  behind,  and 
the  abstracts  are  not  altogether  satisfactory.  They  go  fully  into 
some  particular  points,  and  do  not  pay  enough  attention  to  the  gen- 
eral idea  of  the  article.  The  abstract,  1  think,  is  almost  an  essential 
feature  of  any  very  valuable  index,  because,  from  the  simple  title, 
even  accompanied  by  the  author's  name,  we  cannot  tell  whether 
the  article  is  one  that  we  are  looking  for,  or  one  that  we  care 
nothing  for ;  and  the  briefest  abstract  of  a  few  words  would  gi^e 
us  a  clue  that  would  save  us  from  looking  up  nine  out  of  ten 
references.  Those  are  the  principal  points  that  have  occurred  to 
me.  1,  for  one,  heartily  favor  some  system  by  which  a  labor- 
saving  index  scheme  may  be  gotten  up,  so  that  every  one  will 
not  have  to  make  an  index  for  himself,  which  seems  to  be  a 
very  crude  and  unnecessarily  laborious  scheme;  but  that  is  really 
the  present  one. 

Mr.  Edward  Caldwell  : — The  subject  of  Prof.  Shepardson's 
paper  is  one  of  great  importance,  and  one  in  which  I  have  taken 
a  personal  interest  for  several  years.  My  first  attempt  at  index- 
ing was  made  some  years  ago,  when  I  was  compelled,  in  making 
a  report  upon  a  certain  engineering  subject,  to  search  through 
hundreds  of  indexes  to  trace  its  literature.  In  doing  this  1  found 
so  much  information  on  other  subjects  that  I  thought  might  be 
of  value  at  another  time,  that  I  undertook  to  make  an  index  that 
would  cover  the  electrical  engineering  literature  of  one  or  two 
important  sets  of  society  publications.  The  first  set  indexed — 
and  the  last  one  at  that  time — was  the  Proceedings  of  the  Royal 
Society  of  London,  extending  from  1800  to  1880,  some  45  vol- 
umes. From  these  I  got  about  800  titles  of  papers  from  well- 
known  investigators,  among  them  Joule,  Faraday,  Maxwell, 
Siemens,  Matthiessen  and  many  others.  They  are  a  remarkable 
series  of  papers,  and  the  index  to  them  has  proved  to  be  a  very 
serviceable  one.  Among  later  attempts  was  a  card  index  cover- 
ing nearly  the  entire  set  of  the  Electrical  Ejigineer^  of  New 
.York,  and  some  volumes  of  the  ElectHcal  Reviev\  of  London. 
My  last  and  somewhat  more  ambitious  work  in  this  line  was  the 
making  of  a  card  catalogue  of  the  papers  on  electricity  and  mag- 
netism, the  titles  to  which  are  given  in  the  "  Koyal  Society  Cata- 
logue of  Scientific  Papers,"  the  entire  set  of  nine  or  ten  volumes 
<Jontaining  about  8,000  such  titles  arranged  alphabetically  by 
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authors.  These  titles  are  in  all  lanpiages — Russian,  Italian, 
Spanish,  German,  French  and  other  continental  tongues — and  it 
is  not  always  safe  to  select  the  subject  from  the  titles  as  given  in 
this  ma^iticent  catalogue.  But,  of  course,  an  examination  of 
the  original  paper  for  this  purpose  was  impossible.  Jn  this  way 
I  have  indexed  three  volumes  of  the  set,  making*  a  subject  cata- 
logue on  the  "  dictionary  "  plan.  A  sample  entry  is  the  follow- 
ing:— 

Gases,  Electro-chemical  Polarity  of.  (W.  R.  Grove).  Phil.  Trans.,  1862,  pp. 
87-102  ;  Ann.  de  Chimie,  1858,  87:  876-85;  Phil.  Mag,  1852,  4:  498-515; 
Pogg.  Ann.,  1854,  93:  4l7-81,  58^-94;  Roy.  Soc.  Proo.,  1852,  6:  168-9. 

I  have  here  a  number  of  the  cards  taken  from  the  set,  which 
may  be  examined  by  those  interested.  They  give,  as  you  will 
see,  the  subject,  the  author,  the  periodical,  the  date  of  publica- 
tion, the  volume  and  the  page  or  pages. 

What  has  been  already  said  by  others  on  this  subject  relates 
principally  to  indexes  to  current  literature.  While  I  think 
such  an  index  would  be  of  great  value,  there  is,  it  seems  to  me, 
a  more  urgent  need  for  a  satisfactory  guide  to  the  literature  that 
has  already  found  its  way  into  libraries,  and  is  there  more  or  less 
successfully  buried.  The  need  of  such  an  index  for  this  class  of 
periodical  literature  was  well  expressed  by  Lord  Rayleigh  at  the 
meeting  of  the  British  Association  in  Montreal  about  ten  years 
ago.     In  his  presidential  address^  he  said : 

"  By  a  Action  as  remarkable  as  any  to  be  found  in  law,  what  has 
"  once  been  published,  even  though  it  be  in  the  Russian  Ian- 
"  guage,  is  spoken  of  as  *  known ' ;  and  it  is  often  forgotten  that 
"  the  rediscovery  in  the  library,  may  be  a  more  ditlicult  and  uncer- 
"  tain  process  than  the  first  discovery  in  the  laboratory." 

In  considering  what  ought  to  be  the  character  or  "construc- 
tion "  of  such  an  index,  we  ought  to  keep  clearly  in  mind  the 
objects  for  which  it  is  made,  using  a  modified  form  of  the 
classification  given  by  Mr.  Chas.  A.  Cutter,  formerly  librarian  of 
the  Boston  Athenseum,  in  his  "Kules  for  a  Dictionary  Cata> 
logue,"  these  objects  may  be  stated  to  be  : — 

1.  To  enable  a  person  to  find  an  article,  whether  in  book,  peri- 
odical or  pamphlet  form,  of  which  either 


(b)  The  subject  ) 
vhat 


2.  To  show  what  technical  literature,  whether  in  book,  peri- 
odical or  pamphlet  form,  has 

(c)  By  a  given  author. 

(d)  On  a  given  subject. 

3.  To  assist  in  the  choice  of  an  article,  whether  in  book  or 


periodical, 


(e)  As  to  its  length. 

(/*)  As  to  its  date  of  publication. 

(^)  As  to  its  character. 


1.  See  the  British  Association  Report  for  1884,  page  20. 
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To  fulfil  these  objects  wemafit  have  : — 

1.  An  author  index  for  (a)  and  (c). 

2.  A  subject  index  for  {a)  and  (rf),  giving  in  the  reference  the 
length  (<?)  and  the  date  {/)  and,  in  proper  annotations,  (g). 

The  following  might  be  taken  as  specimen  entries  in  such 
subject  and  author  indexes  : — 

Booster,  Use  of,  on  Street  Railway  Circuits.    (J.  H.  Vail  and  S.  H.  Wynkoop). 

St.  Ry.  Journal.  1894.  10:  700-702. 
Full  treatment,  with  diagrams  and  forraulaB.  Figures  as  to  quantity  of  copper 

used. 
Vail,  J.  H.,  and  S.  H.  Wynkoop.    Booster,  Use  of,  on  Street  Railway  Circuits, 
Wynkoop,  S.  H.    See  Vail,  J.  H.,  and  S.  H.  Wynkoop. 

The  title  of  an  article  ought  never  to  be  taken  as  the  index 
entrj,  unless  after  examination  it  should  also  prqve  to  be  its  sub- 
ject as  well.  Articles  should  be  read,  if  necessary,  to  ascertain 
lull  information  as  to  their  subject  matter,  and  if  two  or  more 
subjects  are  treated  of,  there  should  be  a  corresponding  number 
of  index  entries.  If  an  article  on  a  single  subject  might  be 
looked  for  under  two  headings,  it  should  be  put  under  the  one 
where  it  is  most  likely  to  be  looked  ior ^first,  and  a  reference  to 
it  inserted  under  other  heads. 

The  annotations  should  not  be,  in  any  sense,  abstracts  or  digests 
of  the  articles  themselves.  This,  it  seems  to  me,  is  not  the  pur- 
pose of  an  index,  which  should  be  simply  to  guide  a  searcher  to 
the  literature  of  the  subject  and  leave  him  there  to  make  his  own 
abstracts  after  deciding  what  part  of  it  suits  his  purpose.  I  think 
that  Mr.  Heringhas  hit  the  nail  very  squarely  on  the  head,  when 
he  says  that  no  matter  how  conscientious  a  man  may  be  in  mak- 
ing abstracts  of  scientific  articles,  the  personal  element  will  ap- 
pear to  such  an  extent,  that  the  abstract  or  digest,  especially  when 
too  much  conden.-ed,  may  he  useless  or  misleading  to  others.  He 
may  give  undue  prominence  to  some  subjects  and  slight  others. 
The  index  should  not  be  in  any  degree  a  substitute  for  the  origi- 
nal publications.  This  is  the  legitimate  field  of  the  newspaper  and 
technical  journal.  Besides  this,  an  index  to  existing  periodical 
electrical  literature,  which  would  undertake  to  include  Jibstracts 
of  articles,  would  pass  beyond  all  reasonable  bounds  in  its  bulk, 
and  its  preparation  and  publication  would  be  a  physical  and  finan- 
cial impossibility.  Prof.  Shepardson  has  in  mind  an  index  to 
cover  the  whole  range  of  engineering  literature,  but  we  may 
consider  the  single  branch  of  electricity  and  its  applications. 
Anyone  who  has  examined  the  periodical  literature  of  electricity 
since  the  time  of  Volta  and  Galvani  knows  how  vast  is  the 
Amount  of  recorded  information  that  would  be  of  great  value  if 
its  existence  were  only  made  known,  and  the  records  rendered 
accessible.  It  is  very  difiScultto  make  any  estimate,  but  I  should 
say  that  an  index  that  would  go  back  to  the  beginning  of  the 
century  and  cover  the  literature  of  electricity  and  its  applications, 
would  include,  if  it  came  up  to  the  present  time,  certainly  not 
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less  than  50,000  titles.  It  requires  no  very  complicated  mathe- 
matics to  calculate  the  number  of  volumes  that  50,000  titles  with 
abstracts  would  make,  and  the  actual  labor  involved  in  makine 
satisfactory  abstracts  or  digests  of  these  articles.  Mr.  Carl 
Hering,  who  personally  prepares  the  weekly  digest  of  current 
electrical  literature,  which  appears  in  The  Electrical  World, 
told  me,  if  I  remember  rightly,  that  he  examines  each  week 
about  40  periodicals,  or  160  in  a  month.  Thisoccupies  the  greater 
part  of  his  time,  and  he  is  able  to  prepare  perhaps  40  absti-acts, 
some  of  them  very  brief,  each  week.  A  man  wlio  would  give 
all  his  time  to  this  work  would  probably  have  some  difficulty  in 
making  2,500  abstracts  in  a  year. 

The  partial  republication  of  these  original  articles  in  the  form 
of  abstracts  ought  not  to  be  seriously  considered  in  connection 
with  an  index  to  them.  Such  an  undertaking  would  be  a  very 
commendable  one  as  a  private  and  entirely  separate  enterprise. 
The  importance  of  going  to  original  sources  for  information  has 
been  referred  to  by  Dr.  E.  L.  J^Tichols  in  his  recent  "Labora- 
tory Manual  of  Physics."  In  speaking  of  the  matters  to  be  con- 
sidered in  the  training  of  an  advanced  student,  he  says  that  the 
student  ought  to  ''  turn  more  freely  than  ever  before  to  original 
sources  for  his  information,  learning  to  regard  all  compendiiima 
and  treatises  as  secondary." 

Instead  of  abstracts,  the  ideal  index  should  contain  annotations, 
which  would  give,  if  I  may  use  the  expression,  the  physical  and 
mental  dimensions  of  the  article.  These  might  state,  for  in- 
stance, whether  the  article  was  a  compilation  or  a  record  of  orig- 
inal investigation  or  of  actual  experience ;  whether  it  was  given 
in  full  or  in  abstract ;  for  what  classes  of  readers  it  was  suited  ; 
its  noteworthy  excellencies,  defects  or  errors  ;  its  value  compared 
with  other  articles  on  the  same  subject ;  whether  it  treated  of  a 
debated  question,  and  if  so  outlining  the  author's  position. 

A  good  specimen  of  notes  of  this  character  is  the  following, 
taken  from  a  little  pamphlet  by  Prof.  F.  B.  Crocker,  entitle 
"  Electricity :  a  selection  from  its  literature  "  : 

Crosby,  Oscar  T.,  and  Bell,  I^uis :  The  Electric  Bailway  in 
Theory  and  Practice.  Ed.  II.,  416  pp.,  ill.  O.  N.Y.,1893. 
Johnston.     $2.50. 

The  most  complete  and  authoritative  treatise  on  the  construction  and 
operation  of  electric  railways.  The  scientific  and  practical  facts  involved 
are  clearly  stated  and  explained.  For  the  general  reader,  the  practical  and 
practical  advanced  student,  and  the  engineer,  whether  electrical  or  not. 

This  pamphlet  came  into  my  hands  through  the  kindness  of 
Mr.  George  lies,  its  publisher,  who  is  greatly  interested  in  this, 
subject,  and  who  has  done  much  excellent  work  in  agitating  it 
among  the  librarians  of  the  country.^ 

With  Prof.  Shepardson  I  believe  that  such  an  index  would  be 

.  1  See  a  paper  on  *•  The  Evolution  of  Literature."  read  by  George  lies  before 
the  American  Library  Association,  at  Jjakewood,  N.  J.,  May  19,  1892. 


1894.]  DISCUSSION  IN  NE  W  YORK.  80T 

improved  by  making  it  to  include  the  literature  of  books  and 
pamphlets,  although  there  is  not  so  much  need  for  this,  as  for 
one  that  will  make  accessible  the  buried  treasures  of  periodicals 
and  society  publications.  It  ought  not,  however,  to  be  issued  in 
parts  as  he  sug^sts,  but  should  be  furnished  in  bound  volumes 
of  suitable  size,  leaving  the  subscriber  nothing  to  do  in  the  way 
of  arrangement  or  classification.  1  think  this  is  the  point,  the 
neglect  of  which  has  been  the  cause  of  failure  in  many  otherwise 
well  conducted  plans  for  indexes  to  cirrent  literature.  The  sub- 
scriber should  have  what  he  pays  for,  a  finished  index — not  a 
substitute  for  the  technical  papers,  but  a  supplement  to  them — 
which  does  not  require  the  pasting  of  titles,  the  assortment  of 
printed  pages  into  their  places,  or  the  rearrangement  of  printed 
matter  of  any  kind. 

The  ideal  scheme  for  an  index  to  current  literature  in  my 
opinion  is  that  proposed  by  Prof.  Parks,  who  had  chargje  of  the 
"model  library"  exhibit  in  the  Government  Building  at  the 
World's  Fair  fast  year.  In  this  the  annotated  titles  published 
each  week  would  include  all  that  had  appeared  since  tno  begin-, 
ning  of  the  quarter,  so  that  each  is^ue  would  include  all  that  had 
been  previously  published,  together  with  the  new  titles  for  one 
week.  This  relieves  the  subscriber  of  all  scrap-book  labor  in 
the  preparation  of  his  index,  and  it  seems  to  me  that  this  is  an  all- 
important  point.  Unfortunatt^ly  the  plan  is  an  expensive  one, 
and  Prof.  Parks  was  obliged  to  give  it  up  because  of  lack  of 
financial  support.^ 

In  regard  to  classification  methods,  each  man  has  his  own*  and 
no  two  can  ever  agree  upon  a  common  plan  that  possesses  any 
degree  of  merit.  I  have  tried  all  sorts  of  classification  schemes, 
and  have  given  them  all  up.  I  am  a  thorough  believer  in  the 
"dictionary"  plan,  especially  for  general  use,  following  very 
closely  the  style  of  Poole's  "  Index  to  Periodical  Literature,"  * 
which  was  the  result  of  an  extended  discussion  among  the  lead- 
ing authorities  on  library  cataloguing  and  indexing.* 

1.  See  Prof.  Parks'  contributed  discussion  on  page  818. 

2.  For  a  very  elaborate  scheme,  see  a  paper  on  *'  A  General  Engineering- 
Classification  and  Index,"  by  Wm.  \i.  Cha'^e,  in  vol.  xiv.  of  the  TraMoction* 
of  the  American  Society  of  Mechanical  Engineers. 

8.  For  the  rules  under  which  Poole's  Index  was  compiled,  see  the  Lihra/ry 
Journal,  vol.  i ,  p.  286  ;  and  the  I^oeeediugs  of  the  Conference  of  Librarians^ 
at  liondon,  October,  1877,  p.  199. 

4.  Those  who  wish  to  follow  up  this  discussion  should  consult :  **  The  Plan 
of  the  New  Poole's  Index  :  A  Library  Symposium,"  Library  Journal,  vol.  iii., 
p.  141  ;  •*The  Index  Symposium  and  Its  Moral,"  by  W.  F.  Poole;  lAbrary 
Journal^  vol.  iii.,  p.  178;  **Some  Points  in  Indexing,"  by  W.  1.  Fletcher; 
Uhra/ry  Journal,  vol.  iv.,  p  248;  and  ^*  Classification  in  Dictionary  Cata- 
logues, Library  Journal,  vol.  iv.,  p.  2*^6.  For  a  history  of  catalogue  mnking, 
and  a  criticism  of  the  different  kinds  of  catalogues,  see  an  article  on  *'  Library 
Catalogues "  in  a  Special  Report  on  public  libraries,  issued  at  Washington  iu 
1876  by  the  Bureau  of  Education.  Part  II  of  tliis  Special  Report  contains  Mr. 
C.  A.  Cutter's  **  Rules  for  a  Dictionary  Catalogue,"  which  has  also  been  pul>- 
lished  separately  in  revised  form,  and  may  be  had  upon  application  to  tho^ 
depnrtment. 
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No  member  of  thisf  society  who  gives  the  subject  careful  con- 
sideration will  dispute  the  statement  that  such  an  index  is  neces- 
sary. The  only  questions  that  come  up  for  consideration  are, 
^*Can  it  be  made?"  and  ''What,  if  any,  is  the  best  plan?" 
These  are  questions,  it  seems  to  me,  for  the  Institute  to  decide. 
I  think  it  is  an  undertaking  that  comes  well  within  the  scope  of 
the  Institdte  work  as  an  association  for  the  advancement  of  elec- 
tricity as  a  science.  There  is  no  other  body  of  electrical  engi- 
neers in  the  country  that  is  progressive  enough  to  do  it,  or  that 
has  the  numerical  strength  of  this  organization.  I  agree  with 
Prof.  Sliepardson  that  a  committee  ought  to  be  appointed  by  the 
council  to  canvass  the  subject  thoroughly,  and  report  upon  the 
advisability  of  undertaking  the  work,  and,  if  it  were  thought 
best,  along  what  lines  to  proceed.  A  set  of  questions,  something 
like  the  following,  which  were  prepared  for  this  very  purpose 
nearly  a  vear  ago,  might  be  submitted  to  those  whose  opinions 
were  desired: — 

1.  Is  there,  in  your  opinion,  any  need  of  an  index  to  the  periodical  literature 
«f  electricity  ? 

2.  What  period  should  it  cover  ? 

■8.  Should  other  than  English  and  American  publications  bo  indexed  ? 

4.  Should  the  contents  of  books  be  indexed  ? 

5.  Should  it  be  an  author  or  subject  index,  or  both  ? 

6.  Can  such  a  work,  in  your  opinion,  be  satisfactorily  done  by  twenty  or 
thirty  individual  compilers  working  under  a  prearranged  set  of  rules,  the  work 
of  all  to  be  passed  upon,  rearranged  and  combined  by  a  committee  of  one  or 
more  supervising  editors  ? 

7.  What  would  you  suggest  as  the  best  plan  of  organization  for  a  st<aff  of 
compilers  ? 

8.  To  what  extent  is  periodical  electrical  literature  represented  in  your  library? 

9.  Would  you  personally  be  willing  to  undertake  any  part  of  such  a  work  ? 

If  favorably  reported  upon,  this  committee  should  be  given 
authority  to  select  compilers,  who  would  work  under  fixed  rules, 
and,  of  course,  without  compensation ;  assign  the  work  to  each^ 
and  appoint  a  supervising  editor,  who  would  have  authority  to 
pass  upon,  rearrange  and  edit  the  entire  work. 

I  have  here  for  mspection  a  number  of  iudexes  which  are  more 
or  less  familiar,  including  Poole's,  Galloupe's,  Prof.  J.  B.  John- 
son's, the  Boston  Public  Library  list,  the  itonalds'  catalogue. 
Prof.  Crocker's  little  pamphlet,  and  some  others  to  which  I  have 
referred.  The  Boston  Public  Library  list,  aside  from  a  number 
of  typographical  errors,  is  an  excellent  one,  containing  as  it  does, 
references  to  all  papers  on  electricity  and  magnetism  in  the 
Transactions  of  the  Royal  Society  of  Liondon  from  1HH5  to  1 893, 
a  period  of  227  years,  covered  by  about  190  volumes.  I  have 
here  al-^o  an  annotated  catalogue  of  some  60  lists  of  books  and 
indexes  to  articles  on  electricity  and  magnetism — ^in  other  words, 
guides  to  the  literature  of  these  subjects.     This  list  includes  all 
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of  those  mentioned  by  Prof.  Shepardson  and  many  others.  The 
list  is  too  long  for  me  to  read  at  this  time,  but  it  may  be  exam- 
ined by  those  interested. 

In  conclusion,  I  would  simply  add  that  I  think  such  an  index 
as  we  have  been  discussing  should  not  be  made  for  the  scientist, 
or  the  engineer,  or  the  editor,  or  the  student  alone,  but  should 
))e  planned  on  lines  broad  enough  to  suit  the  needs  of  all 
these,  as  well  as  other  classes  of  possible  users. 

The  Secrbta^ry  : — As  the  index  formerly  published  by  the 
Instttute  has  been  referred  to,  it  may  be  of  interest,  at  least  to 
some  of  the  more  recently  elected  members  to  know  wliy  the 
work  was  undertaken  and  why  it  was  suspended.  The  matter 
was  brought  up  in  Council  about  seven  years  ago,  by  Mr.  Mail- 
loux,  and  the  proposition  at  that  time  was  that  it  should  be  done 
by  the  Secretary.  I  had  never  done  any  indexing  of  the  kind 
and  that  was  one  reason  why  I  did  not  undertake  it.  I  have 
been  very  glad  since  that  I  did  not  assume  the  responsibility. 
However,  we  had  a  member,  who  kindly  undertook  the  duty  and 
it  was  carried  on  for  some  time,  until  I  think  it  became  too  much 
of  a  burden  for  him,  and  it  was  dropped.  I  do  not  know  whether 
at  that  time  I  had  heard  of  the  experience  of  two  Philadelphia 
editors.  Perhaps  Prof.  Houston  may  know  something  oi  it. 
They  were  equal  partners  in  a  daily  paper,  and  one  of  them  had 
secured  the  advance  sheets  of  a  serial  novel  which  he  proposed  to 
publish  in  daily  installments.  The  editors  did  not  agree  upon 
the  question  as  to  whether  their  readers  wanted  this  kind  of  men- 
tal pabulum,  and  after  it  had  gone  on  a  week  or  so,  they  had  a 
little  tiff  as  to  the  expense,  and  whether  the  people  wanted  it, 
and  finally  they  compromised,  the  editor  who  objected  to  it  say- 
ing, "  Let  us  drop  it  out.  and  if  we  have  a  complaint  from  anv 
of  the  subscribers  that  we  have  not  finished  the  story,  why  I  will 
submit  to  your  idea  -and  we  will  go  on  and  publish  the  story  to 
it5  conclusion."  So  they  actually  dropped  it,  and  they  waited 
a  week  or  two  and  not  hearing  a  word  from  anybody,  thev 
concluded  there  was  no  general  interest  in  the  subject.  I  felt 
that  way  about  our  index.  At  that  time,  of  course,  we  had  only 
three  or  four  hundred  members  and  perhaps  the  need  of  an 
index  was  not  appreciated  at  that  time  as  much  as  it  is  to-day. 
1  might  add  incidentally  also,  that  the  proposition  was  made  that 
the  index  be  printed  on  one  side  of  the  leaf  only,  so  that  mem- 
bers who  desired  could  cut  it  up  for  their  card  eatalognes.  Of 
course  that  would  add  considerably  to  the  expense  when  we  came 
to  print  500  copies,  and  1  cogitated  over  it  a  little,  and  suggested 
another  plan  :  that  if  any  member  wished  to  cut  it  up  for  a  card 
catalogue,  we  would  supply  him  with  an  extra  copy  for  that 
purpose.  I  thought  that  would  be  cheaper  than  to  run  a  whole 
edition  printed  on  one  side.  We  had  three  applications  for  an 
extra  copy  to  cut  up,  and  those  were  furnished  to  the  members 
who  asked  for  them.    T  mention  this  because  the  printing  on  one 
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side  is  suggested  bv  Prof.  Shepardson,  but  it  is  proposed  to  apply 
a  little  salve  in  the  shape  ot  advertisements,  on  the  other  side 
that  would  perhaps  pay  the  extra  cost.  But  what  I  was  going^ 
to  say  was,  that  talcing  this  into  consideration,  and  also  the  experi- 
ence of  the  Philadelpiiia  editors,  I  thought  I  would  wait  and  see 
if  anybody  complained  because  we  did  not  continue  the  index^ 
I  believe  no  inquiries  were  made.  Possibly  the  members  thought 
it  was  all  right,  and  that  we  had  good  reasons  for  dropping  it. 
Later  this  subject  has  been  brought  up,  and  my  advice  has  been 
asked  by  one  of  the  editors  who  was  referred  to  tonight,  who  in^ 
quired  what  I  thought  of  such  a  publication  as  a  commercial 
venture.  I  told  him  that  my  experience  was  that  there  were  a 
few  people  who  wanted  an  index  of  this  kind,  and  wanted  it 
very  badly.  But  I  didn't  think  they  wanted  it  sufficiently  to  pay 
the  expense  of  getting  it  up.  That  is  to  sav.  there  was  a  limited 
demand  and  perhaps  tnat  limited  number  who  wanted  it  would  be 
willing  to  pay  a  pretty  fair  price,  but,  at  the  same  time,  they  would 
be  willing  to  pay  but  a  small  proportion  of  what  it  actually  cost 
to  compile  and  print,  and  that  is  one  reason  why  it  has  not  been 
a  successful  financial  undertaking.  There  were  some  other  points 
about  it  that  I  brought  up  at  the  same  time.  One  was  this,  that 
there  are  a  great  many  engineers,  not  only  in  the  branch  of  elec- 
trical engineering,  but  other  branches  as  well,  who  compile  their 
own  indexes  and  have  their  own  ideas  about  what  they  wish  a 
catalogue  to  be,  and,  therefore  an  index  compiled  by  others, 
unless  it  was  thoroughly  complete,  might  not  satisfy  their  wants. 
That  is  to  say,  each  man  feels  that  if  he  runs  the  index  himself, 
he  would  know  exactly  what  he  wanted,  and  he  could  discard 
what  he  did  not  want,  and  a  man  who  was  very  thorough  and 
very  particular  would  not  have  that  confidence  in  the  work  of 
others  which  would  lead  him  to  throw  up  his  own,  and  take  that 
of  somebody  else,  especially  if  he  doubted  its  permanence. 

There  is  another  point  about  an  index  of  this  kind  which  ifr 
worthy  of  consideration,  and  that  is  that,  like  some  other  things, 
it  improves  by  age.  An  index  that  is  only  a  few  days  old  does 
not  amount  to  anything ;  but.  after  it  has  been  kept  up  for  five 
or  ten  years,  it  begins  to  become  of  greater  value,  and,  if  the 
man  who  undertakes  it  is  patient  enough,  he  may  arrive  at  that 
time  in  the  course  of  his  life  when  he  will  meet  with  his  reward. 
But  the  difficulty  is  that  few  of  us  are  willing  to  keep  on  till  that 
time.  We  get  tired,  as  some  of  our  friends  have  confessed  to^ 
night,  with  shuffling  these  cards  and  going  over  these  papers. 
Perhaps  my  early  experience  in  making  literary  gerapbooks  was 
one  of  the  reasons  why  I  refrained  from  taking  up  indexing. 
Those  scrapbooks  are  something  over  twenty  years  old  now,  and 
occasionally  when  I  do  not  feel  first  rate  I  get  out  one  of  those 
scrapbooks,  and  am  thankful  that  I  was  so  industrious  in  mj 
younger  days. 

Then,  again,  an  index  for  the   public,  as  it  were,  should,  of 
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(bourse,  be  general  and  cover  all  branches.  It  would  be  neces- 
sary, 1  suppose,  to  classify  it  in  some  way ;  but,  in  order  to  meet 
the  general  market,  It  would  have  to  cover  all  branches  of  elec- 
trical engineering,  at  least.  I  ran  across,  in  the  English  paper 
called  Industry^  a  few  years  ago,  a  reference  to  the  first  use  of 
electric  welding  by  Siemens  in  the  Siemens  factory  in  welding 
the  iron  wires  of  an  armored  cable,  and  this  reference  spoke  oi 
its  coming  up  in  a  discussion  before  the  Iron  and  Steel  Institute 
in  1887.  The  date  was  given,  and  all  the  particulars  about  this 
use  of  the  process  ;  and  1  thought  it  was  a  very  interesting  fact. 
So  I  went  on  a  search  for  that  and  found  the  discussion  at  the 
very  meeting  of  the  Iron  and  Steel  Institute,  but  could  not  find 
a  word  about  electric  welding.  Now,  a  good  index,  1  presume, 
would  have  brought  that  to  my  attention;  but  I  could  not 
find  it. 

I  do  not  have  as  many  papers  to  index  as  Mr.  Hering.  I  have 
about  110  in  the  office  each  month,  most  of  them  weekly.  I  do 
not  index  them,  excepting  as  Mark  Twain,  I  think  it  is,  who 
indexes  such  things  in  his  brain  and  has  his  head  full  of  imag- 
inary pigeonholes,  that  he  mentally  puts  them  into.  I  index  m 
this  way  for  the  benefit  of  members  who  come  in  and  say,  "  Have 
you  seen  anything  of  such  an  article  ? "  And  I  think  it  over  and 
reply,  *•  Yes,  I  have  seen  it,"  and  I  run  over  this  assortment  of  a 
hundred  pigeonholes  in  my  head,  to  try  and  find  out  in  which 
particular  paper  it  was  that  I  read  it.  Well,  sometimes  I  suc- 
ceed. It  is,  at  least,  some  satisfaction  to  know  that  I  have  seen 
it;  but.  when  a  man  comes  in  and  says  that  he  has  written  an 
article  that  appeared  in  such  a  paper  and  asks  me  if  I  have  read 
it,  then  I  weaken.  Because,  after  reading  our  Transactions 
through  three  times  each  issue,  and  looking  over  these  papers 
and  finding  out  what  is  in  them,  just  glancing  at  the  titles  and 
authors,  and  reading  the  regular  daily  paper,  to  say  nothing  of 
the  Sunday  edition,  why,  it  leaves  me  very  little  time  to  digest 
these  various  articles. 

But.  coming  down  to  the  work  of  the  Institute,  there  is  one 
point  I  desire  to  call  your  attention  to,  which  is  sometimes  over- 
looked. Associations  of  this  kind  exist  for  doing  a  certain  class 
of  work  that  is  of  interest  and  value  to  the  members,  but  which 
will  not  be  undertaken  bv  any  person  or  firm  as  a  commercial 
venture.  This  question  has  come  up  many  times  in  regard  to 
certain  papers  that  have  been  published  in  the  Teansactions, 
papers  tnat  are  of  value  as  works  of  reference  and  which  many 
of  our  industrious  editors  abstract  or  squeeze  out  altogether,  but 
which  some  one  should  publish ;  and  it  appears  to  me  that  that 
is  one  of  the  missions  of  a  technical  society — to  do  work  in  a 
co-operative  wav  which  is  of  benefit,  perhaps  not  to  all  the  mem- 
bers, but  to  a  ^w  of  the  members ;  and  the  few  that  are  not 
benefited  this  time  may  be  benefited  next  month  or  next  year. 
So  that  the  mere  fact  that  work  of  this  kind  is  not  financially 
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profitable  should  not  debar  the  Institute  from  undertaking  it  if 
it  is  considered  of  value  to  the  membership. 

The  question  of  co-operation  with  other  societies  was  brought 
np  by  Prof.  Shepardson,  which  is  worthy  of  some  attention.  My 
experience  has  been  that  it  would  not  be  worth  while  to  under- 
take to  co-operate  in  this  way.  I  believe  that  we  should  go  on 
with  our  own  work,  and  keep  as  closely  to  the  line  of  electrical 
engineering  as  possible.  Of  course,  we  must  wander  over  into  the 
line  of  mechanical  engineering  and  steam  engineering,  to  a  cer- 
tain extent.  But,  in  undertaking  it,  I  think  that  it  might  lie  well 
to  propose  a  system  which  would  meet  with  the  approbation  of 
the  other  societies,  so  that,  in  case  thejr  should  undertake  some- 
thing of  the  same  kind,  the  work  might  be  conducted  on  the 
same  system,  so  that  any  person  who  is  interested  in  all  branches 
of  engineering  could  combine  the  three  as  systematically  as 
possible. 

Some  of  the  cases  of  cross-references  and  indexing  under  dif- 
ferent subjects  brought  up  by  the  gentleman  who  spoke  last,  re- 
minds  me  that  this  classification  in  English  would  be  a  compara- 
tively simple  matter  compared  to  the  Arabic.  In  one  of  my 
expeditions  through  the  Midway  Plaisance  last  year  I  was  in- 
formed by  an  intelligent  Arab  who  had  spent  ten  years  at  a 
university  in  learning  his  own  vernacular  that  in  the  Arabic  lan- 
guage there  were  1,400  different  words  for  camel  and  1,200  for 
sword,  so  that  the  work  of  indexing  with  us  could  hardy  be  con- 
sidered burdensome  in  comparison. 

The  Pbesident  : — In  common  with  all  students,  I  have  per- 
sonally experienced,  for  the  want  of  a  properly  arranged  inaex, 
no  little  inconvenience  in  pursuing  my  studies  as  to  the  state 
of  some  art  in  unearthing,  as  it  were,  the  records  of  the  past. 
Indeed,  the  weakness  of ^ the  human  mind  is,  perhaps,  more 
thoroughly  illustrated  in  the  preparation  of  an  index,  than 
in  an v thing  else.  Take,  for  example,  any  serial  publication 
that  has  been  in  existence  for  half  a  century  or  so,  and  has, 
therefore,  passed  under  the  hands  of  successive  editors.  Sup- 
pose you  are  compelled  to  search  through  the  index  of  such  a 
book.  You  will  find,  after  having  thoroughly  mastered  the 
method  in  which  the  subject  is  indexed,  and  can  readily  put  your 
finger  on  the  part  of  the  volume  where  the  index  is  placed,  that 
the  editor,  as  if  possessed  by  the  Evil  One,  suddenly  turns  a 
mental  somersault  and  rearranges  the  entire  method  of  indexing, 
thus  putting  you  to  considerable  trouble  in  studying  the  method 
all  over  again.  And  then,  possibly,  another  editor  comes  in  and 
returns  to  the  first  plan,  with  modifications.  Now,  an  index,  to 
be  of  value,  should  be  uniform  throughout.  It  should  all  be 
treated  in  the  same  way.  The  index  of  a  book  should  always 
be  inserted  in  the  same  part  of  the  book,  and  should  treat  the 
subject  in  the  same  manner. 

I  have  had  considerable  experience  in  the  preparation  of  in- 
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dexes  since  I  was  a  lad.  I  have  always  believed  in  the  systematic 
arrangement  of  information — information  placed  where  you  can 
readily  put  your  finder  on  it.  The  Journal  of  the  ^ranTdin 
Institute^  a  liook  of  the  type  I  refen'ed  to  a  moment  ago,  has 
passed  through  many  dinerent  hands,  and  in  its  indexes  ex- 
nibits  an  exasperating  want  of  uniformity  of  arrangement.  Some 
time  ago,  however,  the  Institute  thought  it  wise  to  rearmnga 
all  these  separate  indexes  under  one  general  index,  and  they 
have  been  able  to  carry  out  this  work  in  a  fairly  good  way. 

The  average  index  of  the  average  book  is  almost  worthless.  I 
remember  a  story  which  I  will  repeat,  since  our  Secretary  has 
started  the  idea  of  telling  Btories,  of  an  index  in  a  book  under 
this  caption:  "  Earl  of  (>hatham,  his  great  mind,  page  99  "  ;  and, 
on  turning  to  page  99,  all  that  was  found  about  the  Earl  of 
Chatham's  great  mind  was  that  he  had  said,  ^^  lie  had  a  great 
mind  to  pursue  this  line  of  policy  to  the  end."     (Laughter.) 

As  regards  the  method  of  arranging  indexes,  I  thoroughly 
agree  as  to  the  importance  of  a  full  classification.  But,  at  the 
same  time,  I  woald  urge  those  who  are  thinking  of  making  ex- 
tended indexes,  not  to  fall  into  the  error  into  which  the  French 
have  fallen  by  the  too  admirable  classification  adapted  for  the 
indexing  of  their  system  of  patents.  I  yet  have  to  meet  a  man 
of  intelligence  who  thoroughly  understands  the  classification 
adopted  in  the  copious  indexing  of  the  French  patents,  where 
he  is  able  to  turn  at  once  to  the  number  of  the  patent,  to  the 
page,  or  even  the  volume  in  which  the  information  desired 
can  be  found.  For  this  index  is  essentiallj^  polyglot,  at  least 
so  far  as  it  reflects  a  number  of  different  minas  that  have  been 
instrumental  in  getting  it  up.  Not  only  is  it  classified,  but 
sub-classified ;  and  the  subclassitication  is  carried  to  such  an 
extent  that,  as  already  mentioned,  1  never  yet  have  met  any- 
one who  actually  could  tell  me  from  the  index,  to  what  volume 
he  should  go  to  find  the  patent  he  is  looking  for.  This,  I 
take  it,  will  be  one  of  the  oifficulties  with  any  plan  of  making 
an  index,  not  only  of  periodical  or  current  literature,  but  also  of 
the  literature  of  the  past,  which  I  agree  with  the  gentleman  who 
has  spoken,  in  regarding  as  even  more  important  than  current 
literature.  Such  a  work  is  not  one  that  any  single  individual 
should  undertake.  It  is  essentially  a  work  of  co-operation.  But 
if- this  index  is  to  be  of  any  value  at  all,  then  one  mind  should 
edit  all  that  a  number  of  different  collaborators  prepare ;  and 
unless  that  one  mind  is  a  vigorous,  broad  mind,  the  index  will 
be  probably  as  bad  as  the  index  of  the  French  patents  1  have 
alluded  to. 

Take  another  work  of  the  same  character,  say  the  synopsis 
of  the  British  patents.  You  all  know  how  essential  it  is  in 
patent  suits,  in  the  event  of  a  patent  containing  such  a  full, 
accurate  and  clear  description  as  would  enable  one  skilled  in  the 
art  pertaining  thereto  to  make  and  use  the  same,  to  prove  that  it 
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does  not  constitute  an  act  of  invention  anyhow,  since  the 
matter  claimed  to  be  disclosed,  was  clearly  anticipated  by  a  prior 
publication.  You  want  to  find  whether  such  a  thing  was 
previously  published.  You  go  to  the  synopsis  of  the  Sritish 
patents.  By  an  exceedingly  stupid  way  they  have  in  England 
of  giving  the  patent  to  the  attorney  and  not  to  the  inventor,  if 
you  do  not  happen  to  know,  as  you  hardly  can  be  expected  to 
know,  the  attorney  who  took  out  the  British  patent, — ^you  will 
find  great  diflSculty.  You  will  find  the  names  of  the  attorneys 
all  indexed — Lake,  for  example.  Lake  appears  to  have  been  a 
very  wonderful  inventor,  to  a  person  who  does  not  know  this 
system. 

In  almost  all  the  indexes  that  I  have  ever  looked  at  there  is  a 
lack  of  uniformity.  In  an  author's  index,  the  author  is  too  often 
indexed  under  his  last  name.  That  might  be  an  admirable  plan 
if  he  happens  to  represent  the  great  and  only  individual  of  that 
name.  But  suppose  you  look  in  an  index  of  this  character  for  a 
comparatively  general  name  say  Thomson — plain  simple  Thom- 
son, unadorned  by  a  **  p."  You  cannot  tell  whether  the  omission 
of  the  "  p  "  is  not  a  mistake  in  spelling,  and  whether,  therefore, 
you  should  not  look  under  Thompson.  My  old  colleague's  name 
Is,  in  some  regions,  almost  as  frequently  spelled  with  the  **  p  "  as 
without  it.  Such  an  index  is  comparatively  useless,  if  there  ia 
any  possibility  of  several  persons  ot  the  same  name  being  con- 
founded. 

Another  difficulty  which  may  come  up,  after  yon  have  deter- 
mined what  shall  be  the  head  under  which  an  article  is  to  be 
placed,  is  the  name  of  the  publication  in  which  it  appears. 
Jlow  this  appears  to  be  a  very  simple  matter,  but  unfor- 
tunately different  publications  may  have  similar  names;  or 
a  publication  may  continue  for  a  little  while  under  a  given  name, 
and  then  ^et  into  the  hands  of  a  new  editor  who  thinks  to  dis- 
tinguish himself,  not  only  by  upsetting  all  the  preceding  editor's 
work  in  the  line  of  indexes,  but  also  by  changing  or  slighuy  chang- 
ing the  name,  and  this  will  continue,  perhaps  for  five  or  six  years, 
until  another  editor  will  come  in,  and  restore  the  old  name.  Or, 
you  may  get  the  right  name  in  the  index,  but  the  volume  num- 
ber is  given  wrong.  Now,  by  a  very  pernicious  system,  in  the 
publication  of  a  book  every  now  and  then,  a  new  editor  or  a  new 
management  calmly  changes  the  volume  number,  so  that  you 
have  to  remember,  when  speaking  of  volume  1,  you  do  not 
mean  the  original  volume  1,  but  tlie  second  volume  1.  I  have 
known  periodical  literature  to  go  on  until  there  wei-e  three  or 
four  volume  I's,.  Such  things  require  to  be  very  carefully  con- 
sidered in  the  preparation  of  an  index. 

I  do  not  at  all  agree  with  the  remarks  that  have  been  made, 
expressing  doubt  as  to  whether  or  not  the  reading  public  want  a 
good  index.  I  think  there  can  be  no  question  about  this.  The 
question  is  not  whether  a  man  wants  an  index  in  scientific  liter- 
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atare ;  he  must  have  one.  It  is  true  that  we  cannot  judge  of  the 
value  of  an  index  simply  by  the  number  of  people  who  want  it ; 
for,  it  is  unfortunately  true  for  the  weal  of  the  world  that  com- 
paratively few  people  can  want,  or  have  put  themselves  in  a  posi- 
tion that  they  are  able  to  want  to  know  all  that  has  been  written 
on  a  certain'  subject.  But  I  contend  that  a  carefully  prepared 
index  put  in  the  hands  of  such  people  that  not  only  do  want  it, 
but  are  able  to  want  it,  will  be  of  great  value  to  the  scientific 
progress  of  the  world.  For  such  an  index  means  that  good 
efforts  shall  not  be  misspent  in  doing  work  over  again  that  has 
been  better  done  before. 

Therefore,  1  trust  that  the  society  will  seriously  consider  the 
advisabilitv  of  preparing  an  index  oi  electrical  literature.  What 
we  want  is  an  electrical  index.  Our  legal  friends  understand 
thoroughly  the  value  of  an  index  in  legal  lore.  To-day  a  man 
can  readily  obtain,  or  he  can  send  his  clerk  to  obtain,  information 
which  will  give  him  an  insight  into  almost  all  the  decisions  that 
have  been  rendered  on  almost  any  topic,  in  one  or  another  of  the 
admirably  prepared  indexes  of  different  cases  that  have  been 
argued  in  different  parts  of  the  world.  Our  medical  friends  are 
much  better  off  than  we  are,  though  they  are  not,  perhaps, 
as  far  advanced  as  the  legal  profession.  It  seems  to  me  that 
in  the  exceedingly  active  field  of  electrical  science,  where  ideas 

frow  with  almost  mushroom-like  rapidity,  that  an  immense  bcne- 
t  to  the  profession  would  be  afforded  by  the  preparation  of  a 
careful  digest  of  all  that  has  ever  been  written  in  electricity.  It 
is  a  tremendous  work,  I  know.  I  believe,  as  I  said  before,  that 
it  ought  to  be  a  work  undertaken  by  experts  in  the  different 
branclies  of  the  science.  But  in  order  to  give  the  index  the  uni- 
formity that  will  enable  the  best  good  to  be  readily  derived  from 
it,  the  work  prepared  by  the  many  collaborators  should  be 
prepared  for  publication  by  a  level-headed  editor  with  power  to 
render  everything  uniform. 

I  have  jotted  down,  during  the  discussion,  some  of  the  points 
.that  1  think  should  characterize  such  an  index.  Briefly,  they  are 
as  follows : 

1.  Such  an  index  should  be  based  on  a  carefully  considered 
general  classification,  under  which  the  subject  matter  to  be 
indexed  is  arranged.  This  classification  ought  not  to  be  too 
prolix. 

2.  A  strict  adherence  to  this  classification  should  be  maintained 
throughout  the  entire  index. 

Just  here  a  difliculty  will  probably  arise.  Hindsight  is  invari- 
ably better  than  foresight.  No  matter  how  carefully  the  classifi- 
cation is  arranged,  before  long  it  will  become  evident  that  it  can 
be  improved  ;  but  if  the  index  is  to  be  worth  anything,  the  desire 
to  improve  by  changing  the  classification  or  arrangement,  must 
be  resisted. 

3.  As  nearly  as  possible  the  same  order  of  presentation  of  all 
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matter  to  be  indexed  should  be  followed  throughout.  This  canr 
be  done  only  by  putting  the  work  of  the  collaborators  in  the 
hands  of  an  editor-in-chief. 

4.  As  long  a  time  as  possible  should  be  included  in  the  same 
index.  This  i  regard  as  very  important.  Although,  almost  impos- 
sible fully  to  attain,  it  should  be  attained  as  nearly  as  possible. 
An  index  covering  a  quarter  of  a  year  is  better  than  one  only 
covering  two  weeks  or  two  months  ;  one  covering  half  a  year  is 
better  than  one  covering  only  one  quarter,  and  three-quarters  of 
a  year  is  still  better.  But  an  index  to  be  of  the  greatest  value 
in  1895,  should  be  an  alphabetical  index  of  everything  that  has 
ever  been  written  up  to  1895.  If  we  have  separate  volumes,  it 
takes  too  much  of  one's  time  to  read  through  the  separate 
indexes. 

6.  There  should  as  nearly  as  possible  be  an  avoidance  of  unduly 
magnifying  the  importance  ot  one  subject  over  another.  This 
can  be  avoided  only  by  an  editor-in-chief. 

6.  Precise  information  should  be  given  as  to  the  exact  publica- 
tion in  which  the  work  is  to  be  found.  Some  indexes  make 
this  too  brief ;  or  use  contractions  which  unfortunately  may  apply 
to  several  different  purposes ;  or,  if  they  give  the  name  of  the  pub- 
lication in  full,  do  not  state  whether  it  is  the  first  vol.  1,  or  series 
2,  vol.  1,  or  series  3,  vol.  1,  or  series  4  or  5,  vol.  1,  and  you  do 
not  find  what  you  expect  to  find,  as  Mr.  Pope  discovered  when  he 
tried  to  do  it. 

I  think  this  covers  all  I  wish  to  say,  except  that  I  hope  our  Sec- 
retary will  resume  the  indexing  of  our  publications.  1  have  had 
within  the  last  few  months  considerable  difficulty  in  finding  a 
paper  that  1  wanted  to  find,  and  should  have  readily  been  able 
to  find  if  we  had  even  an  ordinary  index.  I  trust,  gentlemen, 
that  you  will  seriously  consider  the  advisability  of  the  society 
undertaking  a  work  of  this  kind.  We  can  do  a  good  work  for 
electrical  science  if  we  undertake  it 

The  Sbobbtaby:— While  Mr.  Caldwell  was  speaking,  I  figured 
out  as  nearly  as  1  could  from  the  information  he  gave  us,  the  num- 
ber of  volumes  required  to  contain  the  50,000  titles  he  referred 
to.  He  suggested  there  should  be  no  synopsis,  but  simply  a 
sufficient  guide  that  the  searcher  might  find  the  article.  Twenty 
titles  on  a  page  would  be  2,500  pages,  and  500  pages  to  the 
volume  would  require  only  five  volumes  to  contain  those  50,000* 
titles.  Of  course,  if  one  page  contained  but  ten  titles,  it  would 
be  double  the  number,  making  ten  volumes. 

Mb.  Mabtin  : — Our  old  index  contained  about  5,000  titles  in  a 
year  and  did  not  run  anything  like  that. 

[Communications  Rkoeived  Afteb  Adjournment.] 

Pbof.  Wm.  S.  Aldbich  : — {communicated.)  To  index  will 
require  a  recognized  classitication  of  engineering  literature ;  this 
appears  to  be  the  greatest  difficulty  in  the  way  of  any  project  for 
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a  general  engiDeering  index.  The  classification  and  the  index 
founded  upon  it,  require  to  be  varied  to  suit  the  conditions  of 
their  use.  Thus,  the  Dewey  Decimal  System,  while  admirably 
adapted  to  the  indexing  of  a  general  library  along  Mr.  Dewey  a 
line  of  decimal  sub-divisions  and  a  somewhat  forced  technical 
classification,  fails  entirely  to  satisfy  even  the  lay  reader  pursuing 
any  special  line  of  research  in  technical  literature.  The  decimal 
system  is  entirely  satisfactory  for  any  engineering  classification 
and  futui*e  indexing  that  may  be  founded  upon  it.  But,  it  may 
be  arranged  along  lines  which  are  as  rigid  and  mechanical  as  the 
alphabetical  system  which  it  seeks  to  replace  ;  or,  it  may  be  de- 
veloped in  a  perfectly  natural  and  therefore  l(^cal  order,  and 
carried  to  any  desired  extent, — two  requisites  of  a  classification 
which  it  is  impossible  for  the  alphabetical  system  to  realize. 
These  features  of  the  decimal  system  have  recommended  it  almost 
exclusively  for  individual  use  in  classifying  private  collections  of 
books, Journals,  periodicals,  clippings,  technical  data,  memoranda, 
etc.  Each  individual  appears  to  classify  and  index  his  branch  of 
technical  work  according  to  his  own  ideas  and  particular  require- 
ments. It  is  this  capacity  for  infinite  detail  which  may  exclude 
the  logically-developed  decimal  classification  from  ever  becoming 
universally  adopted.  The  f^eneral  public  want  some  externa!, 
mechanical  classification,  easily  remembered ;  or,  better,  not  re- 
quiring to  be  remembered  at  all. 

The  valuable  references  given  by  Prof.  Shepardson  to  the 
many  periodicals  containing  a  more  or  less  satisfactory  index  of 
current  technical  literature  are,  without  exception,  founded  upon 
the  alphabetical  system,  with  its  cumbersome  cross-references,  if 
any ;  and,  a  very  great  probability  that  the  title  is  altogether  un- 
known. One  knows  very  well  what  one  wants  to  find,  when  he 
wants  to  find  it ;  but,  he  would  need  no  index  if  he  remembered 
the  titles  of  all  the  articles,  papers,  books,  etc ,  he  may  have  had 
brought  before  him  in  a  longer  or  shorter  professional  career. 
Some  exceedingly  valuable  technical  papers  have  very  misleading- 
alphabetical  titles ;  add  to  this  the  weariness  to  the  flesh  which 
Prof.  Shepardson  points  out  as  the  natural  concomitant  of  "  search- 
ing the  various  indexes  volume  by  volume,"  and  it  is  no  wonder 
that  busy  professional  men  so  often  misdirect  their  efEorte,  through 
not  knowingjnst  what  others  have  done  along  some  special  line 
of  work.  Wnat  he  wants  is  a  "  subiect-matter  index,"  not  an 
index  of  titles  or  authors,  as  required  by  a  general  library.  He 
wants  an  up-to-date  index  of  subject  matter  of  a  special  line 
of  technical  work, — an  index  of  the  information  obtainable  on  a 
given  subject,  irrespective  of  titles  and  authors. 

Engineering  knowledge  must  develop  before  it  can  be  classi- 
fied. Yet,  while  it  is  developing  it  should  be  arranged  in  an 
orderly  manner  and  properly  classified  at  once.  We  wish  it  so 
brought  to  our  doors,  whether  as  periodical  or  book  publications; 
80  that  herein  lies  another  difficulty  of  a  general  adoption  of  any 
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engineering  claasification, — it  cannot  well  anticipate  additions  to 
our  knowledge.  What  shall  be  done  with  the  ever  increasing 
volume  of  the  unclassifiable  ?  One  has  but  to  watch  the  yearly 
growth  of  any  well-known  technical  index,  to  eee  the  list  of  •'^  mis- 
cellaneous" steadily  lengthen  out,  till  a  new  heading  for  the  en- 
suing Tear  absorbs  some  of  that  which  was  formerly  *'  miscel- 
laneous.''  This  method  of  extension  does  not  promote  research 
into  the  literature  of  a  technical  subject  whenever  it  becomes 
necessary.  However,  at  the  present  day,  enough  has  already 
been  acconi|>lished  to  enable  one  to  anticipate  the  most  probable 
lines  of  future  development,  at  least  in  his  own  specialty, — if 
not  to  conform   this  development  to  existing  lines. 

While  we  are  waiting  for  some  concerted  action  by  the  engi- 
neering societies  regarding  the  adoption  of  a  general  engineering 
classification,  I  think  we   should   all   bc3  glad  to  see  some  enter- 

fmsing  publisher  adopt  Prof.  Shepardson's  suggestions  as  to  pub- 
ishing  monthly,  or  oftener,  a  separate  index  sheet  (or  card  of 
standard  library  size),  containing,  with  reference  to  any  one 
article,  all  of  the  information  which  he  has  suggested.  If  these 
were  ruled,  or  otherwise  divided  like  the  standard  cards  of 
library  lists,  with  blank  spaces  in  the  upper  right  and  left  hand 
comer,  it  would  be  possible  for  individuals  to  number  and  ar- 
range them  in  card  catalogue  cases  according  to  their  own  classiti- 
cations.  I  think  it  is  the  general  experience  of  all  those  who 
have  doue  anything  at  all  in  this  line,  that  they  can  more  readily 
handle  their  own  system  of  classification  than  that  of  another. 
What  they  want  is  the  subject-matter  in  printed  shape  to  handle. 
The  index  of  the  Journal  of  the  Association  of  Kngineering 
Societies  J  though  having  all  of  the  desirable  qualities  noted  by 
Prof.  Shepardson,  is  stfll  not  in  shape  for  putting  all  articles  of 
one  kind  together  without  cutting  and  pasting,  arf  libitum. 
Each  and  every  article  should  come  to  the  subscriber,  completely 
indexed  by  itself.  He  can  then  do  what  he  wants  to  with  it. 
As  has  been  noted  in  the  papers,  this  admits  of  all  the  past  being 
similarly  indexed,  sold  and  filed  by  individuals  or  societies. 

There  is  a  suggestion  I  should  like  to  add  to  those  given  by 
Prof.  Shepardson,  were  it  not  that  I  fear  that  it  is  farther  from 
being  realized  than  any  he  has  noted.  It  is  to  encoura^  the 
hearty  co-operation  of  publishers  of  all  engineering  journals  and 
periodicals,  to  establish  the.  precedent  of  sending  out  to  their 
.subscribers,  with  each  issue,  a  card  catalogue  of  the  table  of  con- 
tents. To  get  all  these  of  a  standard  size  will  be  the  difficulty ; 
that  granted,  the  card  contents  should  possess  all  of  the  special 
features  noted  in  the  paper ;  to  which  might  be  added  a  general 
or  serial  filing  number,  for  the  particular  periodical  issuing  the 
same,  and  liberal  blank  space  in  the  upper  right  and  left  hand 
corners  for  the  individuars  classification  and  filing  number. 

Pbof.  C.  Wellman  Parks: — {communicated.)  Circumstances 
prevented  me  from  attending  the  meeting  of  the  Institute  which 
was  held  this  week,  and  I  regret  it  very  much  for  I  take  a  great 
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interest  in  everytiiing  which  is  said  that  has  a  tendency  to  ad- 
vance the  time  when  one  will  be  able  to  keep  up  with  the  cur- 
rent literature  on  any  subject,  and  yet  have  time  to  do  some 
good,  either  as  an  instructor  or  as  a  practicing  engineer.  Until 
somebody  provides  a  reliable  index  wnich  can  be  used  easily,  one 
must  devote  his  time  either  to  reading  or  to  practicing,  and 
neither  occupation  is  wholly  satisfactory.  While  teaching  in  the 
Troy  Polytechnic,  I  felt  so  strongly  the  need  of  a  proper  index, 
that  I  was  led  to  give  much  attention  to  this  subject,  and  believe 
that  under  proper  conditions  such  an  index  can  be  prepared  and 
issued.  I  will  not  say  that  it  can  be  made  self-supportinjr,  but  I 
believe  that  it  can,  for  it  should  have  a.  clientage  01  at  least  fif- 
teen thousand  users.  Its  success  depends  to  a  great  extent  upon 
the  subscription  price  as  well  as  upon  its  form.  Its  subscription 
price  depends  upon  cost  of  production  and  upon  advertising.  A 
very  serious  item  in  cost  of  production  is  cost  of  composition. 
Kecentlv  invented  machinery  which  will  probably  be  ready  for 
the  market  within  a  short  time  will  probably  reduce  the  cost  of 
composition  so  much  that  the  index  can  be  sold  at  a  low  price,  if 
too  much  is  not  paid  for  indexing  and  editorial  work.  Indexing 
need  not  cost  much  if  one  is  willing  to  use  the  unpaid  services 
of  co-laborers,  but  such  a  system  means  delay  in  issuing  the  index. 

i  believe  that  the  index  should  be  issued  almost  as  soon  as  the 
periodicals  indexed,  and  that  each  week's  issue  should  index  all 
of  the  articles  published  during  the  current  quarter.  At  the  end 
of  six.  nine,  and  twelve  months,  single  volumes  should  be  made 
to  index  every  article  of  current  year  up  to  the  date  of  publica- 
tion. This  method  makes  it  unnecessary  to  consult  more  than 
two  lists  for  all  of  the  articles  of  the  current  year.  Such  a  method 
would  be  expensive  if  one  were  obliged  to  pay  for  recom position, 
but  it  would  be  necessary  to  pay  for  new  matter  only.  Again, 
if  reguhir  type  were  used,  tne  cost  of  the  type  would  be  very 
great. 

Considerable  attention  given  to  book  classification  has  convinced 
me  that  no  system  yet  published  is  good  for  all  libraries,  and  I 
am  sure  that  no  one  of  them  is  as  convenient  as  the  ordinary 
alphabetical  list  in  whicli  books  and  articles  appear  under  title, 
subject,  and  author.  But  the  latter  system  is  more  expensive  to 
print,  for  it  is  more  bulky.  I  believe  its  greater  convenience 
makes  it  really  cheaper,  so  would  advise  its  use. 

The  proper  place  for  the  preparation  of  such  an  index  is  either 
New  York  or  Chicago.  The  former  because  it  is  the  gateway 
through  which  all  foreign  publications  reach  America,  it  is  the 
publication  center  of  America,  and  it  is  the  center  of  a  very  large 
number  of  scientists  and  engineers  who  are  near  enough  to  be 
good  co-operators.  The  special  advantage  of  Chicago  is  the 
greater  ease  with  which  monepr  can  be  secured  for  pro jects  which 
promise  either  fame  or  pecuniary  return.  It  is  also  much  nearer 
the  center  of  population  of  the  country. 
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My  first  impre88ion  was  that  this  work  should  be  done  by  one 
of  onr  great  aniversities,  but  a  reason  given  against  this  seems 
snflicient.  Now,  I  think  that  it  should  be  done  by  an  association 
of  all  the  scientific  and  engineering  societies,  universities  and 
scientific  schools,  and  periodicals  near  whatever  place  is  chosen 
for  the  work.  The  plan  of  the  Cosmopolitan  Magazine  should 
be  followed,  that  is,  an  ofiice  in  the  city,  and  a  factory  in  the 
neighboring  country. 

[Adjourned.] 
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DiscuPBioN  IN  Chicago,  Nov.  2l8t,  1894. 
[Mr.  L.  L.  Summers  in  the  Chair.] 

A  meeting  of  the  western  members  of  the  Institutb  was  held 
in  the  Physics  Lecture  Hoom  of  Armour  Institute.  In  the  ab- 
sence of  the  Local  Honorary  Secretary,  Mr.  B.  J.  Arnold,  the 
meeting  was  called  to  order  by  Professor  Stine,  about  thirty 
members  and  visitore  being  in  attendance.  Upon  motion,  Mr. 
L.  L.  Summers  was  appointed  Chairman.  The  paper  of  the  even- 
ing, "  Indexing  Electrical  Literature,"  by  Professor  Shepardson 
was  read  in  detail  by  Mr.  Fred.  DeLand,  at  the  author's  request. 

Mr.  Fbbd.  DeLand  : — Prof.  Shepardson's  paper  has  very  clearly 
set  forth  the  pressing  need  of  a  comprehensive  index  to  the  engi- 
neering literature  of  the  past  as  well  as  the  present,  to  the  end 
that  valuable  time  now  spent  in  vain  searching  may  be  saved,  and 
the  duplication  of  unnecessary  and  expensive  work  avoided ;  has 
outhned  the  spasmodic  efforts  put  forth  from  time  to  time  ;  and 
has  shown  how  easily  a  grand  work  may  be  accomplished  by  sys- 
tematic co-operation.  Thus  it  remains  for  us  to  discuss  how  all 
interested  parties  can  best  act  as  a  unit  in  accomplishing  the  de- 
sired end. 

How  can  a  proper  synopsis  of  all  important  articles  in  current 
publications  be  most  easily  obtained  ?  I  believe  that  a  concerted 
effort  should  be  made  to  have  appear  in  each  issue  of  every 
technical  publication,  a  brief  synopsis  of  the  important  articles  ar- 
ranged after  the  plan  shown  on  the  sheets  handed  to  you.  At 
first  thouglit  this  may  seem  impracticable,  but  it  will  only  re- 
quire a  trial  in  a  few  issues  to  demonstrate  the  value  of  it  both 
as  a  time  saver,  and  a  seller  of  the  periodical.  How  greatly  it 
would  simplify  the  work  of  indexing  must  be  obvious  to  all.  I 
have  occasionally  followed  this  plan  in  thepublicntion  of  my  mag- 
azine, and  found  that  it  pr(»ved  very  useful  to  readers,  especially 
to  news-stand  buyers,  and  of  some  profit  to  the  publisher  through 
increased  sales.  Every  writer  for  the  technical  press  should  be 
encouraged  to  send  with  his  manuscript  a  brief  summary  of  its 
contents,  not  exceeding  forty  words.  This  the  publisher  should 
have  arranged  something  after  the  following  example,  and  should 
place  it  in  that  portion  of  the  paper  that  may  be  scissored  without 
destroying  its  value  for  binding: 

Ttie  Motion  of  ttie  Bttier  near  ttie  Eartti.   ByOiiverLodse. 

Proceedings  Royal  Institution,  (ireat  Britain,  No.  86,  1893,  Believes  the  ether  does  not  move;  if 
moving  matter  disturbs  ether  in  its  neighborhood  at  all,  it  does  so  by  some  minute  action,  compara< 
ble  in  amount  perhaps  to  gravitation,  and  possibly  by  means  of  the  same  property  as  that  to  which 
jrnivitation  is  due.    Not  by  anything  that  can  fairly  be  likened  to  ethereal  viscosity.    i6p.,  xo  i. 

I  propose  to  follow  this  plan  in  coming  numbers  of  Electrical 
Engineering^  using  a  four  inch  column,  bold-face  brevier  type  for 
title,  and  nonpareil  for  author^s  name,  name  of  publication,  and 
summary  of  contents,  as  above.  By  adopting  this  size  of  column 
it  will  enable  card  index  owners  to  clip  and  paste  on  cards,  or  the 
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slips  may  be  pasted  in  scrap-books  stiitably  divided,  though  the 
card  index  will  probably  be  found  far  the  most  satisfactory.  If 
a  majority  of  publishers  of  technical  journals  will  only  agree  to 
follow  a  similar  plan,  it  will  establish  a  nucleus  for  a  magnificent 
index,  and  one  that  will  prove  invaluable  to  theoretical  and  prac- 
tical engineers  in  the  very  near  future. 

Prof.  W.  M.  Stine:— -[  have  read  the  paper  with  considerable 
interest,  and  possibly  can  connect  it  to  some  extent  with  a  matter 
in  which  I  was  interested  sometime  ago.  Mr.  Caldwell,  who  has 
removed  to  New  York,  and  myself,  some  months  since  dis- 
cussed with  each  other  the  feasibility  of  the  American  Institute 
OF  Electrical  Engineers  takint?  up  the  subject  of  index- 
ing current  periodical  literature.  It  is  almost  needless  to  discnss 
the  demand  for  this,  and  it  seems  but  a  question  of  ways  and 
means.  We  came  to  no  definite  conclusion  further  than  that  I 
believe  Mr.  Caldwell  sent  out  some  200  letters  in  connection  witli 
it.  He  left  for  New  York  soon  after,  and  I  have  lost  track  of  the 
results  of  his  effort-*. 

1  feel  very  grateful  to  the  author  for  bringing  the  matter  to  a 
focus.  I  have  had  quite  a  little  experience  in  this  connection  in 
the  conducting  of  a  private  index,  in  fact  I  can  scarcely  remem- 
ber a  time  when  the  necessity  for  indexing  was  not  forced  upon 
me.  I  recognized  very  early  that  to  become  a  good  student,  I 
must  have  command  of  not  only  the  current  periodicals,  but  also 
of  crystallized  literature.  I  made  a  study  oi  a  few  forms  of  in- 
dexes that  were  on  the  market — blank  forms  rather — and  from 
them  in  the  manner  suggested,  I  constructed  one  which  1  have 
followed  for  a  number  of  years  with  considerable  success  as  far  as 
my  own  efforts  were  concerned.  Mr.  Caldwell  informed  me  that 
his  experience  was  somewhat  similar,  that  he  had  even  gone  fur- 
ther and  had  employed  the  services  of  a  stenographer,  and  had 
made  a  brave  attempt  to  form  an  extensive  index.  He,  however, 
was  forced  to  give  it  up,  and  it  is  not  too  much  to  say  that  others 
have  been  brought  to  the  same  conclusion. 

It  is  a  matter  of  considerable  interest  to  me  to  know  what  ac- 
tion will  result  from  this  paper.  The  paper  bef<»re  us  is  a  timely 
one.  It  brings  to  a  focus  a  general  feeling  that  some  means  be 
taken  at  once,  to  enable  the  student  or  the  busy  engineer  to  com- 
pass the  whole  field  of  thought  and  investigation  on  his  subject 
and  to  be  permanently  master  of  the  matter  by  being  able  to  refer 
to  ir,  when  occasion  demands.  The  prevailing  tendency  of  our 
time  is  toward  highest  efiSciencies  in  all  lines.  The  t-team  engine 
within  its  limits,  electrical  devices  and  machinery,  manufacturing 
processes  one  and  all,  are  receiving  the  deepest  thought,  to  make 
them  approximate  as  closely  as  possible  to  the  ideal  eflSciency  of 
100  per  cent.  But,  strange  as  it  may  seem,  very  little  attention 
has  been  paid  to  the  human  mind  and  working  hours  at  one's 
disposal,  to  enable  it  to  work  under  conditions  of  maximum 
eflSciency.     It  may  be  that  human  talent  and  time  are  so  inex- 
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Iiauetible  that,  from  tlieir  great  abundance,  the  need  of  economy^ 
except  in  cases  of  individualB  is  not  so  apparent.  But  sporadic  at- 
tempts in  this  direction  are  without  doubt  giving  place  to  well 
directed  effort,  and  in  no  case  is  this  better  illustrated  than  in  the 
consideration  of  our  subject.  The  enormous  activity  of  thought 
and  investigation  has  produced  a  mass  of  matter  utterly  beyond 
the  power  of  any  one  to  compass,  even  in  narrow  linep.  Like  a 
great  business  concern,  the  electrical  work  must  call  a  halt,  and 
take  an  inventory  to  prevent  needless  waste,  and  the  constant 
transfer  of  the  same  article  from  debit  to  credit  pages.  The  re- 
lation of  cause  and  effect,  and  the  workings  of  the  human  mind 
arc  so  similar,  that  the  investigator  or  writer,  if  he  works  with- 
out reference  to  what  has  already  been  done,  will  develop  the 
subject,  and  find  on  subsequent  search  that  he  has  done  just  what 
others  have  done  before  him.  It  is  one  of  the  most  singular  facts 
in  the  action  of  the  human  mind  that  the  development  of  a  sub- 
ject is  consecutive  and  to  a  great  extent  independent  of  the  worker. 
Though  so  much  has  already  been  accomplished,  it  is  but  a  tithe 
of  what  still  remains,  and  it  is  to  be  earnestly  desired  that  means 
be  at  hand  to  prevent  waste  of  time  by  doing  what  has  already 
been  accomplished.  But  all  this  is  apparent  and  well  understood. 
There  is  no  need  to  enter  into  further  detail.  It  is  an  absolute 
necessity  to  provide  some  suitable  means  for  utilizing  the  great 
mass  of  facts  and  wealth  of  thought  on  electrical  subjects.  The 
question  is  only  one  of  ways  and  means  to  this  end. 

As  the  paper  intimates,  some  of  us  have  made  attempts  at 
individual  reterences.  Some  years  since  I  elaborated  a  system 
of  indexing  of  the  books  and  periodicals  in  ray  possession.  I 
made  it  a  rule  not  to  read  either  book  or  periodical  which  was 
not  worth  indexing,  but  the  task  is  so  herculean  that  it  is  fast  be- 
coming impossible  to  perform.  I  feel  more  and  more  that  the 
labor  spent  upon  it  is  unproductive.  Not  that  the  index  in  itself 
does  not  repay  me,  but  realizing  I  am  only  doing  what  othei-s  are 
en^ged  upon,  I  believe  that  the  subject  is  one  for  co-operative 
ratrier  than  individual  effort.  On  the  other  hand,  where  I  have 
failed  to  index,  the  time  spent  in  searching  for  the  desired  article 
has  been  annoying  and  practically  wasted. 

Our  libraries,  with  their  array  of  bound  volumes  of  periodicals^ 
memoirs,  and  treatises  are  practically  sealed  to  all  but  a  favored 
few,  who  arc  so  situated  tliat  they  may  take  the  time  necessary 
to  familiarize  themselves  with  their  contents. 

A  universal  language  would  certainly  prove  a  vast  boon  to  the 
world  in  saving  time  and  effort.  I  look  upon  an  index  of  past 
and  current  thought  as  one  of  the  grandest  forms  of  universal 
language  that  can  be  placed  in  the  hands  of  the  scientific  man. 

An  index  to  be  valuable  must  be  evolved  from  the  expressed 
needs  and  opinions  of  the  many.  This  paper  will  prove  most 
valuable  as  a  means  for  bringing  out  various  opinions,  and  lead 
to  giving  precise  det-ail  to  the  varying  needs  of  widely  different 
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classes  of  workers,  even  should  it  not  directly  result  in  reali- 
zation. 

Bealizing  the  importance  of  a  full  expression  of  opinion  on  this 
subject  I  have  endeavored  to  formulate  my  opinion  of  what  an 
index  should  be,  in  order  to  place  it  alongside  of  that  of  others 
engaged  in  different  lines. 

I  cannot  agree  with  Professor  Shepardson  in  his  opinion  that 
both  the  periodical  and  literature  index  be  combined  in  one. 
This  would  render  the  matter  unwieldy  and  eventually  defeat  the 
project.  I  believe  that  the  two  should  be  kept  separate  and 
distinct.  It  stifl  remains  to  be  proven  that  sufficient  co-operation 
can  be  secured  to  render  an  index  possible.  Better  attempt  only 
one  phase  at  a  time  until  the  proper  experience  is  gained, and  the 
public  educated  up  to  its  support.  By  all  means  let  the  periodi- 
cal index  be  the  hrst  attempted.  Periodical  literature  is  always 
more  or  less  chaotic.  Books  may  be  considered  as  crystallizations 
of  this  literature,  and  amount  in  volume  to  a  small  ^itiction  of  it. 
The  student  is  still  able  to  handle  his  books  readily,  though  it 
may  be  impossible  for  him  to  deal  wnth  current  writings.  If  all 
electrical  literature  appeared  only  in  the  strictly  electrical  publi- 
cations, the  difficulty  of  keeping  abreast  with  it  would  not 
be  so  great.  But  the  subject  is  receiving  such  widespread  atten- 
tion, that  electrical  articles  of  value  appear  in  all  classes  of  peri- 
odicals. To  render  the  index  then  of  the  greatest  value,  the 
entire  field  of  periodical  publication  must  be  constantly  gone 
over.     This  is  the  scope  of  the  work. 

What  form  should  this  index  take^  An  index  by  mere  title 
as  has  here  been  pointed  out  is  of  little  value.  The  title  and 
author  being  given,  this  shonld  be  supplemented  by  as  few  words 
of  description  as  possible.  The  indexer  often  pays  too  little  at- 
tention to  the  intelligence  of  his  readers,  and  is  needlessly  ex- 
planatory. In  most  cases  the  mere  names  of  subjects  treated  will 
prove  sufficient.  The  number  of  pages  of  words  which  the  arti- 
cle contains  is  scarcely  worth  the  trouble  and  space  which  it  re- 
quires. I  would  in  no  case  advocate  abstract>s  unless  they  are 
absolutely  necessary.  It  is  needless  to  seek  by*an  abstract  to  give 
the  information  which  the  article  itself  should  convey.  In  order 
to  index  an  article  properly  it  must  be  carefully  read  and  the 
subject  matter  noted.  The  subject  matter  so  far  as  possible  in 
mere  mention  can  then  be  incorporated  with  its  title,  and  also 
used  for  cross-reference.  The  feature  of  cross-references  should 
be  as  carefully  worked  out  as  that  of  the  leading  subjects  of  the 
articles  themselves. 

But  we  must  also  recognize  that  in  an  index  we  may  load  the 
camel  until  the  breaking  of  its  back.  Because  the  subject  of 
electricity  has  associated  with  it  nearly  every  other  science,  and 
avenue  of  human  activity,  many  people  imagine  tha^  an  index  of 
electrical  literature  should  embrace  references  to  all  other  subjects 
directly  or  remotely  affecting  it.     A  line  must  be  drawn  or  an 
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electrical  index  will  become  impossible.  Let  steam  engines,  die- 
presses,  etc.,  be  cared  for  in  their  own  appropriate  indexes  so  as 
to  keep  the  subjects  within  workable  limits.  I  see  no  necessity 
for  catering  to  the  demands  of  partially  associated  interests. 

I  also  desire  to  offer  some  suggestions  on  matters  of  detail. 
Economy  of  space  and  time  dictates  that  the  matter  of  the  index 
be  as  concise  as  possible.  Many  current  indexes  use  abbreviations 
for  the  names  ot  periodicals  which  necessitates  a  key.  The  name 
iu  full  and  date,  though  desirable,  is  by  no  means  essential.  I 
have  come  to  regard  a  numeral  notation  as  best  adapted  to  this 
work.  Let  each  periodical  be  assigned  a  specific  num  oer.  Then 
the  index  should  conclude  with  the  periodical  number  in  heavy 
bold-faced  type ;  the  date  in  italics ;  the  page  in  numerals  of  the 
face  of  type  employed  in  the  index.  For  bound  volumes  the  nu- 
merical £ey  might  be  repeated  on  every  even  hundredth  page,  and 
if  issued  in  parts,  the  key  should  be  included  in  each.  The  index 
should  be  issued  monthly  or  quarterly  and  be  also  obtainable  in 
yearly  volumes. 

The  same  considerations  apply  to  the  means  for  publishing 
the  index.  The  American  Institute  of  Electkioal  Engineers 
is  preeminently  a  suitable  center  to  undertake  the  task.  A  suit- 
ably selected  committee  could  adopt  a  plan  and  divide  the  in- 
dexing into  appropriate  headings.  It  seems  that  if  the  work  be 
done  at  all  it  must  be  done  by  individuals  voluntarily,  whose  work 
shall  be  co-orduiated  by  a  central  editing  committee.  I  have 
reason  to  believe  that  all  publishers  will  contribute  to  the  enter- 
prise to  the  extent  of  contributing  at  least  one  copy  of  their  re- 
spective periodicals. 

The  volunteei's  should  be  carefully  selected  by  this  committee, 
and  one  or  more  subjects  assiffned  to  each,  with  special  reference 
to  gualifications  for  the  work.  In  order  to  prevent  confusion, 
eacn  person  should  be  assigned  one  or  more  periodicals,  or,  per- 
haps better,  eacli  one  be  expected  to  thoroughly  index  his  respec- 
tive periodicals  in  accordance  with  the  subdivisions  adopted  by 
the  committee.  I  feel  certahi  that  the  financial  portion  of  the 
undertaking  will  receive  readv  support  and  be  well  provided  for, 
once  a  definite  plan  is  adopt e<i. 

Mr.  L.  L.  Summers  : — There  can  be  little  doubt  the  need  of 
a  suitable  index  is  felt,  yet  experience  would  seem  to  indicate 
that  owing  to  lack  of  support,  as  an  independent  enterprise  it  can 
not  be  made  successful  financially.  .  Whether  this  is  due  to  the 
limited  number  who  have  libraries  or  periodical  files  extensive 
enough  to  warrant  subscription  to  an  index,  or  whether  most  of 
the  attempts  thus  far  made  have  been  in  the  nature  of  a  compro- 
mise, and  have  not  had  support  for  that  reason,  it  is  diflScolt  to 
decide.  It  would  seem  that  a  compromise  of  some  form  must  be 
.agreed  upon,  as  an  index  broad  enough  in  scope  to  suit  perhaps 
the  majority  will  not  be  able  to  contain  abstracts  of  articles  which 
others  seem  to  desire.     To  my  mind  it  is  absolutely  necessary, 
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that  in  addition  to  a  proper  title  and  the  authors  name,  some  idea 
of  the  length  of  an  article,  its  scope,  relative  importance,  or  ^n- 
eral  conclusions  be  given.  This  should  be  very  brief  and  wonld 
not  neceasarily  be  a  digest  of  the  article.  If  the  author's  name 
alone  is  accepted  as  a  guarantee  of  merit,  much  that  is  valuable 
from  the  pens  of  comparatively  unknown  writers  may  he  buried 
through  lack  of  this  protective  shield,  and  an  appreciation  of  the 
value  of  an  article  can  only  be  formed  by  referring  to  it.  That 
there  is  a  useless  waste  of  time  in  the  individual  efforts  which  have 
been  made,  is  readily  apparent,  and  it  would  seem  that  an  investi- 

fition  on  the  part  of  tiie  American  Institute  of  Electbicai. 
N0INEER8  might  accomplish  much,  not  only  in  ascertaining  the 
best  plan  to  be  followed,  but  in  securing  co-operation  and  in 
avoiding  the  necessity  for  a  duplication  of  individual  eflForts. 


REPORT  OF  COMMITTEE  ON  UNITS   AND 
STANDARDS. 

[Submitted  to  Council  December  19,  1894,  and  ordered  to  be  printed   in  the 

Transactions.] 

December  4,  1894. 
To  the  President  and  Council  of  the  American  Institute  of  Electrical  Engineers. 
Gentlemen: — Your  Committee  on  "Units  and  Standards"  begs  to  submit  the 
appended  printed  copy  of  an  act  defining  and  establishing  units  of  electrical 
measure  in  the  United  States. 

The  bill  was  introduced  at  the  second  session  the  Fifty-third  Congress, 
numbered  **  H.  R.  0500,"  by  the  Hon.  Charles  W.  Stone,  a  Representative  of 
Pennsylvania,  who,  aided  by  Prof.  T.  C.  Mendenhall,  took  ?in  active  interest  in 
its  progress  and  passage.  On  the  30th  of  March,  1894,  the  bill  was  referred  to 
the  Committee  on  "  Coinage,  Weights  and  Measures"  and  ordered  to  be  printed. 
On  the  15th  of  May,  1894,  it  was  referred  to  the  calendar  of  the  House  of  Rep- 
resentatives and  ordered  to  be  printed,  together  with  the  accompanying  report, 
hereto  appended.  On  the  29th  of  June,  1894,  the  bill  passed  the  Senate  with 
minor  amendments.  On  the  80th  of  June  the  House  of  Representatives  con- 
cuired,  and  on  the  12th  of  July  the  bill  received  the  approval  of  the  President. 
Yours  respectfully, 

WILLIAM  E.GEYBR, 

GEO.  A.  HAMILTON, 

W.  D.  WEAVER,  ^Committee. 

F.  B.  CROCKER, 

A.  E.  KENNELLY,  Chairman. 

IPuBLic— No.  105.] 

An  Act  to  deAiie  and  establish  the  units  of  electrical  measure. 

Be  it  enticted  by  the  Senate  and  Houm  of  Beprcftentative^  of  the  United  States 
of  America  in  Conoress  atttsembled.  That  from  and  after  the  passage  of  this  Act 
the  legal  units  of  electrical  measure  in  the  United  States  shall  be  as  follows: 

First.  The  unit  of  resistance  shall  be  what  is  known  as  the  international 
ohm,  which  is  substantially  equal  to  one  thousand  million  units  of  resistance  of 
the  centimeter-gram -second  system  of  electro-magnetic  units,  and  is  represented 
by  the  resistance  offered  to  aii  unvarying  electric  current  by  a  column  of  mer- 
cury at  the  temperature  of  melting  ice  fourteen  and  four  thousand  five  hundred 
and  twenty-one  ten-thousandths  grams  in  mass,  of  a  constant  cross-sectional 
area,  and  of  the  lengt.h  of  one  hundred  and  six  and  three  tenths  centimeters. 

S^nd.  The  unit  of  current  shall  be  what  is  known  as  the  international 
ampere,  which  is  one-tenth  of  the  unit  of  current  of  the  centimeter-gram-second 
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syBtem  of  electro-magnetic  units,  and  is  the  practical  equivalent  of  the  unvary- 
ing current,  which,  when  passed  through  a  solution  of  nitrate  of  silver  in  water 
in  accordance  with  standard  specifications,  deposits  silver  at  the  rate  of  one 
thousand  one  hundred  and  eignteen  millionths  of  a  gram  per  second. 

Third.  The  unit  of  electro-motive  force  shall  be  what  is  known  as  the  inter- 
national volt,  which  is  the  electro-motive  force  that,  steadily  applied  to  a  con- 
ductor whose  resistance  is  one  international  ohm,  will  produce  a  current  of  an 
international  ampere,  and  is  practically  equivalent  to  one  thousand  fourteen 
hundred  and  thirty-fourths  of  the  electro- motive  force  between  the  poles  or 
electrodes  of  the  voltaic  cell  known  as  Clark's  cell,  at  a  temperature  of  fifteen 
degrees  centigrade,  and  prepared  in  the  manner  described  in  the  standard  speci- 
fications. 

Fourth.  The  unit  of  quantity  shall  be  what  is  known  as  the  international 
coulomb,  which  is  the  quantity  of  electricity  transferred  by  a  current  of  one 
international  ampere  in  one  second. 

Fifth.  The  unit  of  capacity  shall  be  what  is  known  as  the  international 
farad,  which  is  the  capacity  of  a  condenser  charged  to  a  potential  of  one  inter- 
temational  volt  by  one  international  coulomb  or  electricity. 

Sixth.  The  unit  of  work  shall  be  the  Joule,  which  is  equal  to  ten  million 
units  of  work  in  the  centimet«r-gram-9econd  system,  and  which  is  practically 
equivalent  to  the  energy  expende<l  in  one  second  by  an  international  ampere  in 
an  international  ohm. 

Seventh.  The  unit  of  power  shall  be  the  Watt,  which  is  cc^ual  to  ten  million 
units  of  power  in  the  centimeter-gram-second  system,  and  which  is  practically 
equivalent  to  the  work  done  at  the  rate  of  one  tfoule  per  second. 

Eighth.  The  unit  of  induction  shall  be  the  Ilenry,  which  is  the  induction 
in  a  circuit  when  the  electro-motive  force  induced  in  this  circuit  is  one  inter- 
national volt  while  the  inducing  current  varies  at  the  rate  of  one  am  pereper  second. 

Sec:  2.  That  it.  shall  be  the  duty  of  the  National  Aca<iemy  of  Sciences  to 
prescribe  and  publish,  as  soon  as  possible  after  the  passage  of  this  Act,  such 
specifications  of  details  as  shall  be  necessary  for  the  practical  application  of  the 
definitions  of  the  ampere  and  volt  hereinbefore  given,  and  sucn  specifi(^ations 
shall  be  the  standard  specifications  herein  mentioned. 

Approved.  Julv  12,  1894. 


53d  Conoeess,  I    HOUSE  OF  REPRESBTATIVES.      S  Rkpoet 
2d  Session.      )  ^  No.  901. 

UNITS  OF  ELECTRICAL  MEASURE. 

May  15,  1894. — Referred  to  the  House  Calendar  and  ordered  to  be  printed. 

Mr.  Charles  W.  Stone,  from  the  Committee  on  Coinage,  Weights  and  Meas 
ures,  submitted  the  following 

REPORT : 

[To  accompany  H.  R.  6500.] 

The  Committee  on  Coinage,  Weights  and  Measures,  to  whom  was  referred  the 
bill  (H.  R.  6500)  to  define  and  establish  the  units  of  electrical  measure,  respect- 
f ullv  report : 

More  than  $100,000,000  (and  probably  several  times  that  amount)  are  in- 
vested in  the  appliances  for  the  production  and  use  of  electricity  and  electrical 
machinery  in  the  United  States,  and  yet  there  are  at  the  present  time  no  legally 
defined  units  or  standards  for  the  measurement  of  this  enormous  product. 
Although  contracts,  involving  the  expenditure  of  large  sums  of  money  are  being 
made  every  day  for  supplying  electricity  to  be  utilized  as  power,  light  or  other- 
wise, and  for  furnishing  electrical  machinery,  there  are  no  properly  authorized 
standards  by  means  of  which  either  the  seller  or  the  buyer  can  be  protected  or 
to  enable  the  courts  to  determine  definitely  when  the  contract  has  been  ful- 
filled. This  is  not  owing  to  the  non-existence  of  suitable  units  or  standards,  for 
in  no  other  department  of  engineering  are  the  methods  of  precise  measurement 
so  satisfactory  as  in  this. 

Units  of  electrical  measure  which  have  been  used  in  scientific  investigations 
for  more  than  a  decade  have  come  into  use  in  the  practical  application  of  elec- 
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tricity  and  have  been  accepted  as  necessary  and  sufficient  in  all  countries.  A 
formal  international  agreement  npon  the  names  and  precise  definitions  of  these 
units  was  necessary  before  it  was  desirable  to  fix  them  by  legislative  enactment. 
This  agreement  has  now  been  reached  after  several  preliminary  conferences, 
and  is  to  be  found  in  the  official  report  of  the  Chamber  of  delegates  of  the  In- 
ternational Congress  of  Electricians,  held  at  Chicago  in  August,  1898.  The 
Chamber  consisted  of  delegates  offloialljr  representing  all  the  leadinc^  nations  of 
the  world— the  United  States,  Great  Britain,  France  and  Germany  oeing  repre- 
sented by  five  delegates  each,  and  other  nations  by  a  smaller  number. 

At  the  end  of  the  conference  of  the  delegates,  which  extended  through  a 
week,  it  was  unanimously  resolved  "  that  the  several  governments  represented 
by  the  delegates  of  this  International  Congress  of  Electricians  be,  and  they  are 
hereby,  recommended  to  formally  adopt  as  legal  units  of  electrical  measure  the 
following:" — the  names  and  definitions  of  the  eight  units  being  then  given  as 
in  the  bill  herewith  reported. 

The  names  of  these  units  are  in  all  cases  derived  from  those  of  distinguished 
electricians.  No  name  of  a  living  man  has  been  used,  and  those  who  have  con- 
tributed most  to  the  development  of  the  science  have  been  selected,  some  atten- 
tion being  also  given  to  their  distribution  among  the  several  great  contributing 
nations.  Nearly  all  of  these  names  have  been  long  in  use  and  all  have  become 
fixed  in  the  literature  of  the  subject.  The  three  most  frequently  used  are  the 
ohm,  ampere  and  volt,  being  the  units  of  resistance,  current  strength  and  elec- 
tro-motive force  or  pressure,  respectively.  The  ohm  is  named  in  honor  of  a 
distinguished  Gernuin,  born  in  tne  latter  part  of  the  last  century;  the  ampere 
is  named  for  the  Frenchman  of  that  name,  who  so  greatly  enriched  the  science 
of  electricity  in  the  early  part  of  the  present  century ;  the  Tolt  is  named  for 
Yolta,  the  Italian  contemporary  of  Galvani. 

Following  these  are  the  eouwmb,  named  for  a  French  electrician  of  the  last 
century ;  the  farad,  in  honor  of  the  celebrated  Faraday ;  the  joule,  in  honor  of 
another  English  s<;ientist,  James  Prescott  Joule;  the  watt,  for  James  Watt,  the 
inventor  of  the  steam  engine,  and  also  eminent  in  electrical  investigation,  and, 
finally,  the  henry,  in  which  a  place  is  provided  in  this  splendid  galaxy  of  phy- 
sicists for  our  own  Joseph  Henry,  whose  electrical  researches  well  deserve  to- 
rank  with  those  of  the  most  famous  of  any  age. 

These  units  form  a  complete  and  accurate  system  of  electrical  measurements, 
and  their  legalization  by  act  of  Congress  is  earnestly  desired  by  all  electricians 
and  those  interested  in  the  manufacture  of  electrical  machinery  or  the  use  of 
electricity.  It  is  imperatively  demanded  as  a  means  of  protection  for  the 
rapidly  increasing  number  of  consumers  of  electricity,  and  it  is  also  urged  by 
those  engaged  in  the  production. 

It  is  also  unportaut  to  the  Government,  which  is  itself  a  larse  and  constantly 
increasing  consumer  of  electricity  and  electrical  machinery,  tnat  authoritative 
units  of  measure  be  adopted.  This  has  been  fullv  recognized  by  the  superintend- 
ent of  standard  weights  and  measures  and  by  the  Secretary  of  the  Treasurv, 
and  the  units  of  measurement  defined  in  this  bill  have  already  been  formally 
approved  by  them  and  adopted  for  Government  use. 

This  departmental  action  should  receive  legislative  approval,  and,  beyond 
that,  the  necessities  of  commercial  use,  as  well  as  the  convenience  and  accuracy 
of  scientific  investigation,  require  the  establishment  of  authoritative  units  of 
electrical  measure. 

The  system  embraced  in  this  bill,  having  received  the  unanimous  approval 
of  the  representatives  of  all  the  nations  participating  in  the  recent  inter- 
national Congress  of  Electricians  held  in  Chicago,  it  is  believed  will  be  adopted 
by  the  other  nations  of  Europe  and  America  and  become  a  uniform  and  inter- 
national system. 

As  the  congress  formulating  this  system  was  held  in  the  United  States  and 
presided  over  by  one  of  her  most  distinguished  scientists,  it  will  be  a  matter  of 
pride  for  this  country  to  lead  in  the  formal  and  legal  adoption  of  this  system, 
and  your  committee  recommended  the  prompt  passage  of  this  bill. 

Two  or  three  clerical  errors  should,  however,  be  corrected,  and  the  committee 
recommended  that  it  be  amended  by  striking  out  the  words  **  ten  and  nine- 
tenths  **  in  the  sixth  line,  and  inserting  **one  thousand  million,"  and  in  the 
fortieth  line  strike  out  the  words  *'ten  and  seven-tenths, '  and  in  the  forty- 
fifth  line  strike  out  the  same  words,  and  each  instance  insert  in  lieu  of  these 
words  stricken  out  the  words  "  ten  million." 
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Thk  Prksident: — There  being  no  other  business,  the  next 
matter  as  announced,  will  be  a  paper  by  Mr.  Ludwig  Gutmann  of 
Chici^o,  entitled,  "  The  Production  of  Rotary  Magnetic  Fields 
by  a  Single  Alternating  Current."  As  the  author  is  not  here. 
Dr.  Pnpm  has  kindly  agreed  to  present  the  paper. 


A  paper  ^tttmUdM  the  Niwljrfiret  Meeting  0/ike 
Amerieam  Instiiute  0/  Elecirieal  Engineere^ 
New  Yorky  President  Houston  in  the  Chair ^  and 
Chicago  J  Mr.  Leland  L.  Summers  in  the  Chair  ^ 
December  rgth^  i3^. 


ON  THE  PRODUCTION  OF  ROTARY  MAGNETIC 

FIELDS  BY  A  SINGLE  ALTERNATING 

CURRENT. 


BY    LUDWIO   OUTMANN. 


•'/ 


Binoe  the  first  announcemente  of  Prof.  Ferraris  and  Mr. 
Tesla,  that  rotation  can  be  accomplished  by  employing  two  or 
more  alternating  currents  of  displaced  phase,  the  question  has^ 
been  raised  by  many  an,  engineer  as  to  the  possibility  of  produc- 
ing a  rotary  magnetic  field  by  the  use  of  a  single  circuit,  carrying 
the  ordinary  alternating  current,  instead  of  requiring  three  or 
more  wires  or  several  independent  circuits.  So  fai;  it  has  been 
necessary  to  construct  a  special  generator  armature,  the  windings 
of  which  were  rotated  in  a  field  of  constant  polarity,  to  produce 
two  or  more  currents  lagging  in  phase  behind  each  other.  To- 
use  the  currents  generated  for  establishing  a  progressive  or  rotary 
field,  it  was  necessary  to  carry  as  many  wires  to  the  place  of  con- 
sumption as  currents  were  employed  differing  in  phase.  Six 
years  have  passed,  and  quite  rapid  progress  has  been  made  in  vari- 
ous directions.  1  wish  now,  to  bring  to  your  notice,  a  method 
of  generating  a  rotary  magnetic  field  by  a  single  alternating  cur- 
rent or  its  field,  without  condensers  or  choking  coils.  This  is 
accomplished  by  a  device  brought  out  by  me  some  three  years 
ago.  Its  fundamental  principle  is  hardly  as  yet  appreciated; 
however,  the  World's  Fair  exhibits  as  well  as  literature  of  late^ 
show  that  the  device  has  attracted  attention,  and  that  several  en- 
gineers have  approached  the  principle  involved. 

I  wish  to  refer  to  my  motor  and  especially  to  its  armature 
described  in  1891.^      Figures  1  and  2  show  the  device.     The 

1  EUOHeal  Engineer,  toI.  xii.,  Aug.  26,  1891,  p.  280. 
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former  is  principally  used  in  the  American  patents,  while  the 
htter  is  given  in  the  English  patent  of  the  same  year.  The 
novelty  of  the  armature  construction,  lies  in  a  winding  containing 
closed  sub-circuits ;  and  another  point  is,  that  the  closed  circuits 
do  not  coincide  in  number  with  the  poles  of  the  field  magnet. 


Fig.  1. 


Fig.  2. 


Before  going  into  the  action  of  this  device,  I  will  mention  two 
simple  experiments  which  are  essential  in  order  to  understand  the 
operation  of  this  rotary  magnetic  field  system. 

If  we  have  a  closed  coil  moving  in  an  alternating  magnetic 
field,  or  better,  between  the  poles  of  a  field  magnet  as  illustrated 
in  Figs.  3  and  3a,  energized  by  alternating  currents ;  then  the 
coil  A,  will  be  repelled  from  the  pole,  owing  to  the  secondary 
field  which  it  establishes,  so  long  as  it  cuts,  or  is  threaded  by 
the  lines  of  force  of  the  field.  The  consequence  is,  that  it 
will  rotate,  and  place  itself  between  the  north  and  south  pole^ 
Fig.  4,  where  it  reaches   a  stahle  magnetic  equilibrium^  as  I 


Fig.  8a. 


like  to  term  it,  because  in  this  position  it  acts  like  a  pendulum 
properly  suspended  (Fig.  6).  Any  motion  imparted  causes  the 
pendulum  to  make  a  few  oscillations  and  come  to  rest,  and  sim- 
ilarly any  attempt  made  to  move  the  coil  into  an  energized  field 
will  cause  it  to  be  repelled,  and  after  a  few  oscillations  it  will  re- 
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main  at  rest  between  the  poles.  It  is  repelled  in  either  direction, 
because  as  soon  as  it  approaches  a  strong  ma^etic  flux,  currents 
are  induced  in  its  windings  and  create  an  opposing  field.  The 
same  coil  can  be  in  unstable  magnetic  equilibrium  (Fig.  6),  if  it 
stands  just  in  front  of  a  pole,  in  which  position  it  would  act  like 
a  pendulum  which  is  balanced  with  the  weight  above  the  point 
of  support  (Fig.  7).  Both  are  in  unstable  equilibrium ;  the  least 
motion  to  the  left  or  right  imparted  to  either,  will  cause  them  to 
accelerate  in  the  direction  of  the  impulse,  and  to  assume  a  position 
of  stability  (Figs.  4  and  5).  In  this  position,  Fig.  4,  the  coil  is 
therefore  currentless.  This  stable  position^  is  the  natural  posi- 
tion of  synchronous  motors  in  operation. 

If  such  a  synchronous  motor  is  held  behind  the  phase  when 
rotating  under  load,  a  heavier  current  is  induced  in   the  spools 


Fio.  4. 


Pig.  5. 


Fig.  6. 


Pig.  7. 


which  accelerate  the  armature  and  keep  it  in  step.  If,  however, 
the  motor  runs  in  harmony,  and  suddenly  a  great  deal  of  the  load 
is  taken  oflf,  then  the  armature  has  a  tendency  to  go  more 
quickly,  but  in  this  case  opposing  currents  are  generated  in  the 
windings  which  retard  the  speed  of  the  armature  and  keep  it 
back,  to  remain  in  step,  or  in  stability. 

Let  us  look  into  the  device  before  us,  and  consider  first  its 
quality  as  a  motor.  Returning  to  Figs.  1  or  2,  preferably  the 
latter,  which  is  simpler  and  easier  to  explain,  we  find  that  if  we 
send  into  the  field  magnet  coil  an  alternating  current,  the  arma- 
ture will  turn  through  a  certain  angle  and  stop.  This  motion  de- 
pends upon  the  position  of  the  three  closed  coils  with  respect  to 
the  two  poles.  This  same  device  can  itself  be  self-starting  if  we 
make  the  poles  far  enough  apart  and  the  energizing  current  suf- 
ficiently strong,  so  that  at  the  initial  speed  the  armature  is  repelled 
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at  a  certain  rate.  This  initial  speed  changes  with  the  number  of 
poles,  closed  circuits  and  alternations.  Let  us  take  the  first 
case  and  examine  it.  If  we  try  to  rotate  the  armature  (as  I 
shall  call  it  hereafter),  in  a  tield  of  alternating  polarity,  we 
induce   currents   in  the   closed   circuits,  which   establish   poles, 


Fig.  8. 

but  these  poles  are  alternating  in  nature,  and  owing  to  the  mo- 
tion imparted,  and  owing  further  to  the  permanent  connections 
in  the  winding,  the  poles  move  or  travel,  with  the  latter.  This 
accounts  for  the  fact  that  if  the  field  poles  are  close  together 
the  armature  consumes  power  during  its  rotation  through  the 
alternating  field  ;  it  acts  as  a  dynamo  and  does  not  start  from  a 
state  of  rest.  If  we  impart  by  mechanical  means  an  impulse 
to  the  armature,  currents  are  generated  whose  sum  has  a  variable 
and  principally  negative  value.  The  armature  makes  a  few  revolu- 
tions and  places  itself  in  a  stable  magnetic  equilibrium,  viz.,  in 
such  a  position,  symmetrical  if  possible,  as  not  to  generate  any 
currents,  and  hence  not  to  induce  any  reactionary*  poles  in  the 
core.  If,  however,  we  impart  to  this  armature  a  certain  initial 
speed,  which  1  shall  call  th^  critical  spe^d^  then  it  will  continue 
to  rotate,  with  a  tendency  to  reach  a  certain  fixed  higher 
speed  This  initial  impulse  may  be  given  by  mechanical  or 
electrical  means,     i  shall  not  state  the  results  as  yet,  but  prefer 
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Fig   9. 


to  explore  the  action  first,  so  that  the  same  may  be  before  us 
in  various  diagrams,  and  enable  us  to  make  any  deduction 
desirable.    First,  let  us  assume  that  the  armature  rotates  syu- 

1.  It  is  well  to  call  the  armature  poles  due  to  the  armature  current^,  reaction- 
ary poles.  The  other  armatuie  poles  are  induced  directly  by  the  field  poles,  and 
contribute  nothing  to  the  torque. 
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cbronouBlj:  It  is  evident  that  in  order  to  have  an  armature 
with  three  closed-circuited  coils,  interconnected  as  shown,  rotate 
in  one  direction,  we  mnst  have  currents  induced  whose  sum  has 
a  positive  value,  viz.,  two  of  the  coils  must  do  work,  in  the  same 
sense,  while  the  third  coil  is  either  without  a  current,  or  has  a 
smaller  current  in  opposite  direction,  so  that  the  value  still  re- 
mains positive.  For  true  synchronism  a  closed-circuited  coil 
reaches  within  a  half-period  the  opposite  pole,  and  consequently 
our  diagram  for  ohe  revolution  would  look  as  follows :  (See 
Fig.  8). 

The  three  diagrams,  a,  J,  c*,  show  the  flow  of  currents  and  re- 
sultant poles.  The  closed-circuited  coil  2,  diagram  a,  is  at  this 
moment  generating  opposing  currents  to  the  others;  coil,  1,  is 
passing  just  in  front  of  a  pole.  All  three  induced  currents  com- 
bined are  developing  poles  as  indicattd,  and  rotating  the  armature 


Fig.  10. 

in  counter-clockwise  direction.  The  rotation  being  synchronous, 
diagram  b  shows  the  position  of  the  armature  when  the  polarity  in 
the  Held  has  reversed ;  diagram  c  gives  the  position  of  the  coils 
after  the  polarity  has  changed  again.  It  will  be  noticed  that  the 
original  position,  as  shown  at  a,  has  been  reached  again,  and  that 
the  cycle  will  repeat  itself.  Without  explaining  these  diagrams 
at  this  point,  I  wish  to  bring  before  you  several  other  conditions, 
all  of  which  will  assist  in  reaching  definite  conclusions.  Looking 
at  the  armature  we  see  that  it  has  a  symmetrical  winding,  and  as 
long  as  these  closed  circuits  do  not  coincide  with  the  number  of 
poles  of  the  field  magnet  (contrary  to  all  synchronous  motors 
built  heretofore),  other  working  positions  are  possible.  The 
operation  will  take  place  as  long  as  the  sum  of  the  armature 
currents  have  a  positive  value,  since  as  far  as  the  rotation  is  con- 
cerned it  is  indifferent  which  of  the  coils  are  doing  the  work. 
Let  us  assume  that  the  armature  does  not  run  at  a  synchronous 
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rate,  but  at  another  fixed  speed  which  may  have  a  certain  com- 
mensurable relation  to  the  periods  of  the  exciting  field  current, 
which  speed  I  shall  call  the  harmonio  speed.  Instead  of  showing 
the  diagram  with  windings  as  in  the  first  set,  I  have  simplified 
them.  In  the  following  sets  of  diagrams,  Fig.  9,  I  assume  that 
the  armature,  on  account  of  the  load  or  other  reasons,  caunot 
reach  synchronism,  and  that  at  each  field  reversal  the  position 
of  the  armature  with  respect  to  the  field  is  the  same,  only  the . 
coils  have  changed  places  as  indicated.  You  will  notice  that  in 
this  set  of  diagrams  the  armature,  for  each  half-period,  makes 
one-third  of  a  revolution  only,  namely,  Ciiils  1,  3  and  2  exchange 
positions  with  the  change  of  polarity.  Let  us  step  at  once  to 
another  speed  (Fig.  10),  which  you  will  no  doubt  admit  as  pos- 
sible; viz  ; — ^let  us  assume  that  coils  1,  2  and  3  cannot  arrive  at 
synchronous  speed,  and  that  coil  2  reaches  the  position  which  1 
ought  to  occupy,  it  will  be  seen  that  owing  to  the  symmetrical 
position,  it  is  quite  indiflferent  which  of  these  coils  arrives  at  a 
given  position  required  for  harmonic  operation.  This  will  be 
clear  to  you  by  referring  to  the  third  set  of  diagrams.  Fig  10. 

We  are  now  enabled  to  compare  three  sets  of  diagrams.  Figs. 
8,  9  and  10.  The  first  set  shows  for  this  new  type  of  synchron- 
ous motor  that  at  synchronous  speed  the  pole  positions  in  the 
armature  are  practically  stationary  relatively  to  the  coils  and 
core,  and  rotate  with  it.  The  second  set  shows  that  during  a 
complete  revolution  of  the  armature,  the  field  has  reversed  three 
times,  that  is,  an  odd  number  of  times,  hence,  when  the  arma- 
ture returns  to  its  original  position,  after  a  complete  revolution, 
it  finds  the  field  magnetization  of  reversed  polarity.  The  mag- 
netic field  of  the  armature  rotates  in  the  opposite  sense,  one  and 
a-half  times  per  revolution.  In  the  third  set,  the  armature  makes 
but  one-sixth  of  a  revolution  per  half-period,  and  the  magnetic 
field  of  the  armature  in  a  complete  revolution  rotates  three  times 
in  the  opposite  direction.  This  statement,  may  be  startling,  and 
my  argument,  so  far,  may  not  be  entirely  convincing,  as  on  close 
inspection  it  will  be  found  that  the  armature  poles  have  to  do 
consideral)le  jumping.  I  will  now  explain  the  performance 
of  the  rotary  magnetic  field  of  this  armature  in  a  four-pole 
field,  where  the  changes  occur  far  more  gradually,  leaving  no 
doubt  whatever  as  to  the  aeisertion  made.  Fig.  11  shows  diagrams 
illustrating  synchronous  speed.  By  the  aid  of  these  four  dia^ 
grams  we  can  more  easily  follow  the  pole  positions  in  the  arma- 
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ture  core,  and  find  them  stationary  in  it.  Inspecting  now  Fig. 
12,  in  which  the  armature  speed  is  reduced,  we  are  able  to  ob- 
tain a  clear  picture  of  the  main  subject  under  consideration. 

In  this  set  of  five  diagrams  we  see  five  positions,  which  coil 
1,  for  instance,  occupies  before  it  has  made  one-third  of  a  revolu- 
tion. Nevertheless,  if  we  now  look  at  the  changing  pole  positions 
we  can  readily  detect  that  they  are  progressively  shifting,  and  we 
also  see  that  they  have  made  one  whole  revolution  and  that  in 
opposite  direction  to  the  mechanical  rotation,  or  in  other  words, 
the  magnetic  field  would  travel  three  times  around  the  armature 
core  during  one  revolution.  In  all  armature  diagrams  described,, 
and  to  be  described,  the  resultant  of  the  magneto-motive  forces 
of  the  armature  currents  is  given  only.  To  complete  the  picture 
showing  every  one  of  the  component  magneto-motive  forces  act^ 

Fig.  11. 

$^  ^^  "t^  ^f^ 

w^  w^  #4>  ^^ 

Fig.  12. 

ing,  it  becomes  desirable  to  plot  a  diagram  of  force  (Fig.  13). 
These  components  act  like  three  variable  concurrent  forces 
including  an  angle  of  120  degrees  with  each  other.  These 
forces  we  may  represent  as  equal,  for  the  sake  of  convenience, 
as  it  does  not  infiuence  the  idea  which  we  wish  to  illustrate. 
However,  those  two  forces  which  are  acting  in  the  same  direction 
are  indicated  by  heavier  lines. 

Plotting  the  direction  of  the  forces  in  order,  as,  for  instance^ 
in  the  last  named  set  of  diagrams  (Fig.  12),  where  the  coils  act 
in  the  order  1,  2,  against  3  ;  3,  1,  against  2,  and  2,  3,  against  1, 
we  obtain  Fig.  13  for  one  cycle.  The  three  figures  marked  a,  ft, 
and  c  indicate  the  direction  in  which  the  three  forces  are  acting 
in  the  three  positions  of  one  cycle  or  revolution. 

By  drawing  the  resultant  diagram  of  force  from  the  predomi- 
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Dating  forces  of   each  position,  we   obtain  the  accompanying, 
figure  (Fig.  14).    These  forces  form  a  triangle,  and  the  rotation 
resulting,  may  be  seen  from  the  direction  of  arrows  on  the  cir- 
cumference of  the  surrounding  circle.     However,  the  reactive 
forces  should  be  considered  and  represented  separately  to  obtain 


Pig.  13. 


Fig.  U. 


the  true  picture,  and  we  have  to  add  them  to  find  the  total  force 
applied,  and  the  planner  in  which  all  the  forces  are  acting.  We, 
therefore,  repeat  the  resultant  diagram  (Fig.  14),  and  add  the' 
opposing  forces  at  their  proper  places.  This  diagram  (Fig.  1 5) 
shows  that  the  reactive  forces,  shown  by  dotted  arrows,  also  have 
a  common  center,  and  that  as  regards  time  of  maximum  effect^ 
they  succeed  each  other  in  the  direction  of  rotation  of  the  arma- 
ture, while  they  are  acting  in  the  opposite  direction  of  the  main 
force.  If  we  now  plot  a  diagram  of  these  reactive  forces  alone, 
we  obtain  the  smaller  triangle  shown  (Fig.  16)  inside  the  larger. 
It  will  be  noticed  that  rotation  is  in  the  opposite  direction  ;  or, 
in  other  words,  that  in  reality  we  have,  with  this  disposition,  to 
deal  with  two  rotary  magnetic  fields  in  opposite  direction ;  the 
useful  work  done  will  depend  on  the  diflEerence  of  the  angular 
velocity  of  these  two  rotating  fields  and  their  relative  intensity. 


FiQ.  15a 


Fig.  15b. 


Looking  now  at  the  device  as  a  generator  (Fig.  12),  we  canr 
account  for  the  rotary  magnetic  field  because  we  generate  poly-r 
phased  currents  in  the  coils  1,  2  and  3.  They  operate  together 
in  the  following  order :  1,  2  ;  3,  1 ;  2,  3 ;  1,2,  etc.  If  rotated, 
as  shown,  the  coils  will  distribute  three-phased  currents  over  the 
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armature,  and  this  will  be  understood  when  examining  into  the 
flow  of  carrents  of  the  closed-circuiting  conductors  which  are 
here  provided  with  arrows.  At  this  particular  harmonic  speed, 
it  will  be  further  noticed  that  the  simple  alternating  field  of 
force  has  the  identical  qualities  as  a  polyphase  energizing  field, 
as  the  poles  in  front  of  the  closed-circuited  coil  seem  to  be  travel- 
ing (for  the  armature)  in  clockwise  direction.  This  is  indicated 
by  the  shading  of  the  pole  of  same  sign  in  front  of  the  coil 
most  powerfully  acted  upon  in  the  five  positions,  representing 
one  revolution  for  the  field.  The  currents  displaced  in  phase, 
cause  the  armature  to  rotate  harmoniously  with  the  alternations, 
and  prevent  the  armature  from  being  easily  thrown  out  of  step. 

Returning  once  more  to  the  earlier  diagrams,  Figs.  9  and  10, 
we  see  that  below  synchronism  there  are  two  other  speeds  which 
are  entitled  to  be  called  synchronous,  because  a  certain  fixed  rela- 
tion exists  between  the  periods  of  field  excitation  and  armature 
rotation. 

It  will  be  evident  that  the  greater  the  number  of  closed  cir- 
<5uits,  the  greater  is  the  number  of  harmonic  or  synchronous 
speeds  in  which  the  armature  can  operate.  If  the  armature  con- 
tains ten  closed  circuits,  and  rotates  in  a  two-pole  field,  it  will  be 
able  to  generate  five  currents,  lagging  72  degrees  behind  one 
another  in  phase,  and  would  have  at  least  five  speeds  which  are 
synchronous,  and  the  armature  owing  to  its  peculiar  construc- 
tion, can  operate  at  a  slower  speed  than  the  synchronous  speed 
as  interpreted  heretofore. 

Looking  at  the  device  from  a  general  standpoint,  it  will  be  clear 
that  this  particular  armature  construction  embodies  all  the  weak 
points  of  a  synchronous,  and  all  the  strong  points  of  the  poly- 
phase motor.    The  weak  points  are  : 

1.  that  the  machine  will  not  start  from  state  of  rest  in  the  form 
shown,  because  in  Figs.  1, 2,  and  12,  the  coils  act  on  one  another 
diflferentially  and  have  a  variable  and  negative  value;  they  are  in 
magnetic  stability  when  at  rest,  hence,  no  rotation  can  result. 

2.  The  device  has  a  small  starting  torque  when  rotated,  owing 
to  the  differential  action  of  the  coils,  which  cause,  with  a  small 
number  of  closed  circuits  strongly  oscillating  or  jumping  poles, 
until  a  harmonic  speed  is  reached. 

3.  The  device  when  in  rotation,  is  not  reversible  by  simply 
changing  circuit  connections. 

The  strong  points  are : 
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First,  that  the  motor  develops  potjphased  currents  in  its  own 
windings. 

Second,  that  therefore  it  is  more  dilBcult  to  pull  it  out  of  step 
as  it  has  the  capacity  to  stand,  what  I  would  terra,  magnetic 
slippage. 

Let  us  assume  that  a  certain  coil,  which  should  reach  a  given 
point  to  run  harmonically,  remains  behind  owing  to  a  slower  motion 
of  the  armature ;  in  this  event  the  coil  ahead  has  to  perform  tlie 
function  at  the  expense  of  a  heavier  current.  The  loss  of 
revolutions  due  to  this  action  may  be  comparable  to  the  slip- 
ping of  a  belt  over  a  pulley.  However,  there  is  also  a  limit  to 
the  slipping.  The  armature  should  have  some  harmonic  speed 
with  respect  to  the  alternations.  Should  it  fall  below  the  lowest 
harmonic  speed,  then  it  will  come  to  a  standstill  just  like  any 
other  overworked  synchronous  machine. 

Synchronism  in  a  motor  means  nothing  more  nor  less  than  a 
magnetic  flexible  clutch,  which  may  be  represented  mechanically 
as  follows  : 

The  old  fashioned  non-starting  synchronous  machine  having 
equal  armature  coils  and  field  poles,  can  be  compared  with  the 
arrangement  shown  in  Fig.  15a,  giving  side  view  and  elevation. 
The  disk  1  is  provided  with  two  projections  ;  2,  imparts  rotation 
to  shaft  4  by  means  of  the  flexible  arm,  or  spring  3,  which  enables 
the  shaft  4  to  be  slightly  behind  or  ahead  of  disk  1 .  However, 
if  the  work  put  on  shaft  4  is  in  excess  of  the  strength  of  spring  3, 
then  it  will  break,  and  shaft  4  will  speedily  come  to  a  standstill. 

In  contrast  to  this  older  form  of  synchronous  motors  stands 
the  new  one,  which  forms  the  subject  of  this  paper  and  the  ma- 
chines operated  by  bi  or  polyphased  currents.  The  mechanism 
for  showing  magnetic  coupling  for  these  latter  types  may  be 
represented  by  Fig.  15 J.  In  this  case,  1  represents  a  crown-wheel 
the  teeth  marked  2  ;  into  these  teeth  meshes  a  catch  3  in  a  flex- 
ible manner,  which  catch  is  connected  rigidly  to  shaft  4.  Within 
the  range  of  normal  work,  catch  3  would  remain  fixed  between  the 
two  given  teeth,  but  if  the  shaft  4  is  overloaded,  the  fiexibility  of 
catch  3  will  cause  it  to  yield,  and  pull  out  of  its  position,  drop  in 
between  some  other  two  teeth,  and  continue  to  operate  but  at  a 
slower  speed.  The  greater  the  excess  of  work,  the  greater  wiU 
be  the  slippage,  and  the  more  teeth  will  be  jumped  by  the  catch 
3  in  every  revolution  of  disk  1.  For  the  synchronous  motor 
herein  described,  the  overloading  to  the  extent  that  it  cannot  reach 
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the  lowest  liarinonic  speed,  would  be  equivalent  to  the  breaking 
of  spring  3'. 

It  will  be  remembered  that  Prof.  Ferraris  always,  and  Tesla 
sometimes  obtained  a  rotary  magnetic  field  and  rotation  by  in- 
fluencing one  coil  carrying  a  primary  current,  by  another  at  right 
angles  thereto  carrying  secondary  currents.  Here  we  have  two 
phases  from  a  single  source,  Fig.  16.  To  obtain  a  multiple  of 
phases  we  may  take  two  or  three  iron  cores  a,  and  surround  them 
with  coils  B,  like  the  links  of  a  chain,  Fig.  17,  so  that  the  secon- 
dary coil  of  transformer  1,  is  the  primary  of  transformer  2,  and 
so  on ;  or  we  may  design  a  special  core  for  a  transf ()rmer,  and 
create  a  rotary  magnetic  field  by  applying  to  one  coil  a  primary 
current  from  the  line,  and  to  another  coil  a  secondary  current 
from  a  transformer,   whereupon    by  the  rotary   field  obtained. 
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Fig.  17. 


polyphased  currents  may  be  taken  through  other  coils  on  the  trans- 
former. These  methods  have,  however,  one  drawback,  and  that 
is  that  the  phase  will  change  more  or  less  in  lag  with  difference 
in  load,  while  for  many  purposes  it  is  most  essential  that  for 
eflScient  working,  the  phase  should  remain  at  the  same  constant 
angle.  This  desidemtum  has  been  accomplished  by  the  device 
under  consideration,  and  any  suitable  number  of  currents  lagging 
in  phase  may  be  obtained  from  a  single  alternating  current. 

To  obtain  a  rotary  irmgnetic  Jield  in  orhya  stationary  hody^ 
at  lea^t  two  electric  or  electromagnetic  forces  of  definite  pha^e 
relations,  acting  at  an  angle  to  one  another  and  changing  at 
periods  harmoniously^  are  essential  requirejnents. 

If  however^  we  aUow  the  hody^  or  part  of  the  sanWy  to  be  mav- 
ahle^  we  may  substitute  mechanical  rotation  primarily  as  an 
adjuster  of  the  periodicity  and  pha^e  of  one  of  the  two  forces  ; 
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the  fundamental  relation  between  the  two  forces  must  in  this 
case  also  he  the  same  as  in  the  other  /  namdy^  they  must  work  in 
harmony^  and  the  periodicity  ai^d  phase  of  one  force  determiveH 
the  periodicity  and  phase  of  the  other.  If  the  second 
force  is  a  current,  it  must  be  one  of  the  same  period  or  some 
harmonic  of  that  period ;  if  it  is  rotation,  it  has  also  to  l)e 
synchronous  or  harmonic.  We  can  now  clearly  understand 
why,  when  rotating  the  armature,  Figs.  1  and  2,  in  an  ordinary 
alternating  current  field,  we  have  no  system  of  poly  phased  currents 
and  no  rotary  field,  simply  because  the  armature  rotation  docH 
not  stand  in  any  relationship  whatever  to  the  alternations ;  but 
as  soon  as  the  speed  does  so,  there  are  generated  polyphased  cur- 
rents lagging  in  phase  at  a  fixed  angle,  and  a  rotary  magnetic 
field. 

There  is  a  difference  whether  the  armature  is  influenced  by  a 
single  alternating  current,  or  by  several,  causing  themselves  a 
rotating  energizing  field.  Nevertheless,  in  either  condition  the 
armature  is  in  magnetic  stability,  and  this  state  is  the  reason  that 
it  remains  stationary  in  the  first  case,  and  that  it  rotates  in  the 
second.  The  reason  that  the  motor  starts  in  the  second  case  is 
evidently  because  the  inducing  magnetic  field  is  itself  rotating  in 
the  stationary  field  magnet  core.  As  said  before,  it  is  considered 
necessary  for  the  proper  operation  of  the  armature  for  giving 
maximum  torque,  that  if  placed  in  an  alternating  current  field  of 
force,  the  armature  rotation  should  have  a  definite  relation  to  the 
alternations.  Up  to  the  publication  of  this  device  some  three 
years  ago,  synchronous  motors  had  as  many  armature  coils  as  field 
coils,  and  hence  to  obtain  the  value  of  the  synchronous  speed,  all 
that  was  necessary  was  to  divide  the  alternations  of  the  armature 
current  n  by  the  number  of  field  poles ^  of  the  magnet  employed. 
But  if  the  number  of  armature  coils  are  not  the  same  as  the  field 
poles,  then  the  speed  may  vary  from  this  synchronous  speed,  and 
a  modification  is  thought  to  be  necessary.  We  would  have  to 
find  the  smallest  common  factor  between  field  poles  ^  and  arma- 
ture coils  f^  with  which  we  have  to  divide  the  number  of  alter- 
nations to  obtain  the  value  of  the  lowest  synchronous  speed  while 
the  condition  of  slippage  may  allow  for  the  lowest  harmonic,  the 

value  — ,. 

It  will  now  be  clear  that  motors  can  be  designed  having  any 
desired  variation  of  speed,  and  have  defined  synchronous  speeds  or 
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approach  the  indifferent  relation.  I  wish  it  nnderstood,  that  I 
do  not  intend  to  treat  the  Bnbject  in  all  its  details,  and  I  am  es- 
pecially reluctant  on  the  ground  of  having  carried  on  but  few 
experiments. 

The  few  diagrams  presented  do  not  disclose  many  conditions  of 
those  possible.  They  show  only  one  or  two  facts  of  conditions 
which  frequently  are  of  a  complex  nature.  Evidently,  the  rotary 
magnetic  fields  in  the  device  under  consideration  may  have  alto- 
gether difiFerent  speeds  from  those  shown  in  the  diagrams ;  also, 
that  the  magnetic  field  may  rotate  with  and  ahead  of  the  armature, 
and  lastly,  the  speed  of  rotation  of  the  rotary  field  of  the  armatoze 
may  be  synchronous,  and  opposite  in  direction  to  its  rotation. 

The  device  has  been  given  in  form  of  a  diagram,  and  as  it  has 
been  described  as  not  self-starting,  I  wish  now  to  state  that  it  be- 
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comes  self-starting  as  a  series,  a  shunt  or  an  induction  motor  in  a 
field  of  single  phase  or  polyphased  alternating  currents.  Fig.  18 
represents  one  of  the  earliest  forms  which  have  since  been  sim- 
plified to  a  considerable  extent.  The  part  a  b,  represents  here  a 
simple  series  motor  whose  armature  b  may  be  any  drum  or  ring 
type,  open  or  closed  coil  winding ;  the  part  c  d,  may  be  simDarlj 
constructed.  Both  armature  windings  b  and  d  are  connected  elec- 
trically by  4  wires  B  at  points  of  equal  distance,  which  number  of 
conductors  e,  may  be  reduced  or  increased,  depending  on  the 
number  of  phase  currents  desired.  Now  send  an  alternating  cur- 
rent into  the  series  motor,  part  ab\  then  the  armature  will  start 
from  state  of  rest,  and  will  send  current  impulses  into  the  d  part 
winding,  which  becomes  the  more  regular  the  more  the  armature 
1 .  Preferably  so  that  no  reaction  takes  place  from  part  D. 
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has  approached  synchronous  speed,  where  bi-phase  currents  will 
be  established  therein ;  tliese  react  on  the  field  magnet  core  o,  and 
for  the  purpose  of  maintaining  the  armature  in  this  synchronous 
speed,  the  commutator  f  is  applied  to  rectify  the  polyphase 
currents;  which  continuous  current  may  be  used  to  energize  the 
magnet  o. 

The  fundamental  principle  disclosed,  opens  to  us  a  very  wide 
field  for  work.  Not  only  are  we  enabled  to  construct  motors 
almost  as  cheap  and  simple  as  continuous  current  motors,  but 
there  is  in  this  principle  involved  the  germ  for  the  ideal  distribu- 
tion of  power,  inasmuch  as  we  are  enabled  to  collect  the  poly- 
phased  currents  generated,  or  commutate  them  immediately  at 
will. 

Finally  I  wish  to  call  your  attention  to  the  fact,  that  the  last 
figure  is  in  reality  a  motor-generator,  and  it  is  therefore  evident 
that  the  electrical  energy  supplied  need  not  all  to  be  transformed 
into  mechanical  power,  but  that  a  portion  may  be  utilized  in  one 
of  the  modified  forms  named  above. 
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Discussion  in  New  Yobk. 

Dr.  M.  I.  PuPiN  : — The  author  states  in  tlie  introduction  that 
his  paper  contains  a  discussion  of  a  method  of  i^enerating  a  ro- 
tary magnetic  fiehi  by  a  single  alternating  current  without  con- 
densers or  choking  coils,  and  its  application  to  the  construction 
of  single  phase  alternating  current  induction  motors. 

Figs.  1  and  2  show  diagrammatical ly  the  principle  of  the  devices. 
An  armature  core,  uniformly  wound  with  wire  and  the  winding 
divided  into  a  number  of  closed  sections,  preferably  equal  to  each 
other,  but  in  such  a  way  tliat  the  number  of  these  sections  is  not 
equal  to  the  imraber  of  poles  of  the  exciting  Held.  The  field  is 
an  alternating  field,  rigs.  4  and  6  illustrate  what  the  author 
calls  the  Htable  and  the  uiistahh  positions  of  magnetic  equilibrium 
of  a  coil  in  an  alternating  field.     In  the  first  place  a  slight  dis- 

f)lacement  of  the  armature  would  cause  it  to  oscillate  about  the 
ine  of  symmetry  between  the  two  poles.  In  the  second  case 
such  a  displacement  would  cause  the  armature  to  flop  over  and 
rotate  toward  the  position  of  stable  equilibrium.  An  armature 
winding  as  that  in  Fig  2  has  also  a  position  of  stable  magnetic 
equilibrium  about  whicb  it  will  oscillate  if  slightly  displaced.  So 
for  instance  the  position  represented  in  Fig.  2  is  an  unstable 
position.  A  mechanical  impulse  will  start  the  armature  to  rotate 
toward  the  position  of  stable  equilibrium,  and  during  its  journey 
toward  thatposition  it  will  be  also  acted  upon  by  the  repulsive  force 
between  the  alternating  field  and  the  armature  current  induced 
by  that  field.  The  armature,  therefore,  reaches  the  position  of 
stable  equilibrium  with  a  certain  amount  of  kinetic  energy  which 
is  equal  to  the  energy  of  the  mechanical  impulse  imparted  to  it, 
and  the  work  done  upon  it  by  the  repulsive  force.  With  this 
stored  up  energy,  the  armature  is  enabled  to  continue  its  journey 
beyond  the  position  of  stable  magnetic  equilibrium  although  from 
this  point  on,  it  has  to  move  against  the  electromagnetic  forces, 
at  the  expense  of  its  kinetic  energy.  IIow  far  it  will  continue 
this  journey  will  depend  entirely  on  the  kinetic  energy  with 
whicli  it  started  from  the  unstable  position,  how  much  work  was 
done  upon  it  by  the  variable  field  during  its  journey  from  the 
unstable  to  the  stable  position,  and  at  what  rate  it  has  to  expend 
its  kinetic  energy  after  passing  this  {)osition. 
Three  CAses  must  be  carefully  distinguished  : 
Ist.  The  armature  arrives  at  the  position  of  stable  magnetic 
equilibrium  with  less  kinetic  energy  than  the  amount  required  to 
carry  it  beyond  this  position  and  up  to  the  next  position  of  un- 
stable magnetic  equilibrium.  In  this  case  it  will  oscillate  about 
the  stable  position  and  be  finally  reduced  to  rest. 

2d.  The  armature  arrives  at  the  position  of  stable  magnetic 
equilibrium  with  enough  kinetic  energy  to  carry  it  beyond  this 
position  and  up  to  the  next  position  of  unstable  magnetic  equilib- 
rium, but  unfortunately  it  arrives  there  with  less  kinetic  energy 
than  it  had  in  parting  from  the  preceding  unstable  position.      In 
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this  case  it  will  generally  continue  to  rotate  several  times  around, 
and  be  linallv  reduced  to  rest. 

3d.  The  third  possible  case  is  the  most  important  one  and  forms 
the  groundwork  on  which  Mr.  Gutmann  proposes  to  raise  a  new 
system  of  electrical  distribution.  It  is  this:  Suppose  the  arma- 
ture receives  from  some  external  source  a  certain  initial  speed, 
and  is  then  left  to  take  care  of  itself.  Suppose  again  that  this 
speed  is  such  that  the  kinetic  energy  with  which  the  armature 
passes  through  a  position  of  stable  magnetic  equilibrium  is  con- 
siderably more  than  necessary  to  carry  it  to  the  next  position  of 
unstable  equilibrium,  so  that  the  armature  reaches  this  position 
with  more  Kinetic  energy  than  it  had  when  it  left  the  last  position 
of  unstable  equilibrium.  It  is  evident  that  in  this  case  the  arma- 
ture will  not  only  continue  to  rotate,  but  that  it  will  rotate  with 
continuously  increasing  angular  velocity.  This  initial  speed  the 
author  calls  the  tTiiical  speed. 

The  question  arises  now,  how  long  will  this  continual  increase 
in  angular  velocity  go  on  i  Evidently  until  synchronism  is 
reached,  that  is  if  the  armature  does  no  appreciable  external 
work  during  its  rotation.  In  a  bipolar  machine  with  three  arma- 
ture coils,  tne  synchronous  rotation  is  illustrated  in  diagrams  Pig. 
8.  During  one  reversal  of  the  field  the  armature  has  moved 
through  180°,  so  that  the  triangle  1,  2,  3,  in  b  has  its  sides  par- 
allel to  the  triangle  1,  2,  3  in  a.  During  the  next  reversal  the 
armature  has  reached  its  initial  position  a^ain,  as  given  in  c.  But 
if  the  armature  cannot  reach  synchronism  on  account  of  the 
external  load,  or  on  account  of  too  large  frictional  resistances, 
then  the  best  it  can  do  is  to  rotate  at  some  other  lower  but  con- 
stant speed,  and  the  (juestion  aiises,  is  any  other  speed  possible  'i 
The  answer  is  in  the  affirmative,  for  if  you  look  at  Fig.  9  you 
will  see  that  if  the  speed  of  the  armature  under  consideration  is 
such  that  it  will  carry  the  armature  through  one-third  of  the  cir- 
cumference during  one  reversal  of  the  iiela,  that  the  armature  can 
go  on  rotating  at  this  constant  speed.  This  speed  Mr.  Gutmann 
calls  harmonw  speed.  Another  harmonic  speed  is  illustrated  in 
Fig.  10.  Here  the  armature  passes  through  one-sixth  of  the 
circumference  during  one  reversal  of  the  held,  so  tliat  during 
three  reversals  of  the  field  the  armature  has  gone  through  one- 
half  revolution.  The  possible  speeds  of  this  armature  are,  there- 
fore, 1,  or  2,  or  3  revolutions  for  the  time  interval  corresponding 
to  three  complete  periods  of  the  exciting  field.  We  can  now 
generalize  as  follows : 

An  armature  containing  n  coils  will  have  n  hannonic  npeedU^ 
that  is  to  say,  it  can  rotate  1,  2,  3,  .  .  .  n  times  during  the 
time  interval  corresponding  to  n  complete  periods  of  the  exciting 
current.  But  it  must  be  remembered  that  for  a  given  value  of 
the  impressed  electromotive  force  and  a  given  mechanical  force 
acting  on  the  shaft  of  the  armature  there  is,  according  to  the 
Principle  of  Conservation  of  Energy,  only  one  speed  at  which 
the  armature  can  rotate  uniformly,  and  if  that  speed  is  below  the 
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lowest  harmonic  speed,  the  armature  will  stop.  We  can  say, 
therefore,  that  the  critical  speed  is  equal  to  the  lowest  harmonic 
speed.     If  the  lowest  harmonic  speed  should  be  too   high  for 

I)ractical  working,  we  can  evidently  reduce  it  to  any  practical 
imit  by  using  a  multipolar  field,  as  an  inspection  of  I'igs.  11  and 
12  will  show. 

There  is  another  way  in  which  the  forces  acting  between  the 
field  and  the  armature  can  be  pointed  out,  and  that  is,  by  pointing 
out  the  reactions  between  the  exciting  alternating  field  and  the 
magnetic  field  produced  by  the  induced  currents  m  the  armature. 
It  does  not  make  the  subject  any  clearer,  and  I  shall  consider  it 
in  so  far  only  as  necessary  to  bring  out  a  rather  interesting  fact» 
Consider  the  armature  in  Fig.  2.  Suppose  we  had  one  closed 
coil  only,  covering  l/r^th  part  of  the  armature,  and  suppose,  also^ 
that  the  field  is  constant,  if  the  armature  is  rotated,  an  alterna- 
ting current  is  generated  in  it,  whose  frequency  is  equal  to  the 
frequency  of  rotation  of  the  annature.  If,  however,  while  the 
armature  is  rotating  uniformly,  the  field  alternates  uniformly  also, 
then  two  alternating  currents  are  generated  in  the  coil,  one  whose 
frequency  is  equal  to  the  sum  of  the  frequencies  of  the  armature 
and  field,  and  the  other  whose  frequency  is  euaal  to  the  differ- 
ence of  these  two  frequencies.  The  current  oi  lower  frequency 
has  a  smaller  amplitude  than  the  one  of  the  higher.  Its  ampli- 
tude is  zero  when  the  field  and  the  armature  are  in  synchronism, 
and  then  the  frequen<^  of  the  other  is  equal  to  twice  the  fre- 
quency of  the  field.  If  now  we  cover  the  whole  armature  with 
n  equal  short-circuited  coils  by  simply  connecting, as  Mr.Gutmann 
does  in  Fig.  2,  n  successive  equidistant  points  to  each  other,  we 
shall  then  liave  n  pairs  of  alternating  currents  differing  from  each 
other  in  phase  by  1  /Tith  of  the  period.  They  will,  therefore,  give, 
theoretically,  two  rotary  magnetic  fields.  One  rotating  with  a  fre- 
quency equal  to  the  sum  of  the  frequencies  of  the  armature  rotation 
and  the  frequency  of  the  alternating  field,  and  the  other  rotating 
with  a  frequency  equal  to  the  difference  of  these  two  frequencies. 
At  synchronism  the  slower  rotary  field  vanishes,  and  the  speedier, 
rotates  with  twice  the  angular  velocity  of  the  armature.  Mr. 
Gutmann  evidently  neglects  the  slowly  rotating  field,  and  he  may 
be  right.  But,  however  that  may  be,  it  is  certainly  plain  that  a 
rotary  magnetic  field  is  established  by  Mr.  Outmann's  device, 
and  that  we  could  obtain  by  a  suitable  arrangement  polyphase 
currents  from  such  armatures.  It  is  also  plain  that  such  a  motor 
could  be  emploved  as  a  motor  generator.  These  appear  to  me 
to  be  the  novel  features  of  Mr.  Gutmann's  proposition.  The 
proposition  is  certainly  interesting.  Let  us  hope  that  Mr.  Gut- 
mann will  soon  succeed  in  proving  its  practical  value. 

The  President  : — Gentlemen,  you  have  heard  Dr.  Pupin's 
able  exposition  of  this  paper.     It  is  now  open  for  discussion. 
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Mr.  Woloott  : — I  would  like  to  ask  one  or  two  qtiestions.  On 
page  841  it  says  the  motor  allows  ma^etic  slippage ;  in  other 
words,  it  works  like  an  ordinary  induction  motor.  In  an  ordinary 
induction  motor,  in  synchronism,  the  torque  is  zero,  or  at  all 
events,  it  is  minimum,  it  is  the  same  here.  Put  on  a  load  and  get 
the  armature  running  at  a  little  slower  speed  than  synchronism,  tne 
polyphase  principle  oegins — the  current  induced  in  the  armature 
makes  the  pull  stronger.  Well,  if  I  understand  the  thing,  that 
is  also  true  of  the  harmonic  speeds.  Therefore,  starting  from  the 
synchronous  speed,  dropping  down  to  the  first  harmonic  speed, 
there  must  be  a  point  where,  after  there  is  a  certain  amount  ox 
slip,  it  drops  sudaenly  to  the  harmonic  speed,  because  if  the  har- 
monic speed  works  in  that  respect  like  a  synchronous  speed,  there 
must  be  a  tendency  either  side  of  it  to  approach  it.  That  is,  if 
you  are  going  a  little  faster  than  the  harmonic  speed,  the  ten- 
aency  is  to  pull  down,  and  as  you  go  slower  again  the  tendency 
would  be  to  brin^  it  up  a^n.     Is  that  correct  ? 

Db.  Pupin  : — I  don't  think  so. 

Mb.  WoLcorr : — ^Would  the  torque  go  on  increasing  infinitely  ? 

De.  Pupin  : — ^No,  because  as  the  armature  increases  its  angular 
velocity  the  torque  varies ;  it  may  diminish.  The  torque  must 
have  a  certain  value,  otherwise  it  is  not  able  to  overcome  the 
mechanical  pull  on  the  shaft. 

Mb.  Woloott  : — That  is  very  true.  But,  if  I  understand  this 
motor,  it  has  two  separate  components.  That  is,  it  works  like 
the  ordinary  synchronous  motor,  and  then,  in  addition,  it  works 
like  the  poiypnase  motor — ^induction  motor. 

Db.  Fupm : — Yes,  that  is  right. 

Mb.  Wolcott  : — Considering  the  portion  of  the  torque  which 
is  due  to  the  synchronous  action,  the  instant  you  ^t  out  of 
synchronism,  as  with  an  ordinary  synchronous  motor,  it  stops. 

Db.  Pupin  : — Not  quite  so. 

Mb.  Woloott  : — ^Now  with  this  one,  as  soon  as  you  get  out  of 
absolute  synchronism,  then  you  depend  on  the  inducea  currenta 
in  the  armature. 

Db.  Pupin  : — The'pull  between  the  armature  and  field,  changes 
rather  suddenly ;  that  is,  it  is  a  sort  of  harmonically  varymg 
function. 

Mb.  Woloott  : — As  the  speed  lags  a  little,  the  torque  increases^ 
does  it  not  ? 

Db.  Pupin: — ^Not  necessarily. 

Mb.  Woloott  : — It  does  not  do  the  work  of  an  induction 
motor  then  ?  If  it  does  not  do  tliat  it  seems  to  me  that  it  is  no 
good. 

De.  Pupin  : — It  has  a  fair  torque  at  definite  speeds  only. 

Mb.  Woloott  : — The  author  says  it  allows  similar  magnetic 
slippage. 

Db.  Pupin  : — ^Magnetic  slippage  from  the  synchronous  speed 
to  the  next  harmonic  speed,  and  then  to  the  next  and  next,  and 
so  on.     It  does  not  allow  a  gradual  slippage. 
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Mb.  Woloott  : — I  nnderetand  the  author  to  say  that  it  works 
like  a  polyphase  motor. 

Dr.  Pupin  : — In  the  sense  that  it  has  more  than  one  speed  at 
which  it  can  work.  It  can  work  at  two  or  three  speeds,  practi- 
cally any  number  of  speeds,  if  you  increase  the  number  of  sections 
in  the  armature. 

Mb.  Kennbllt  : — If  I  understand  the  paper  correctly,  there 
are  certain  speeds  called  harmonic  8[)eed8  at  wiiich  the  torque  is  a 
maximum.  In  the  polyphase  motor  at  certain  speeds  the  torque 
is  zero.  So  that^tiiis  action  is  different  altogether  from  the 
action  of  a  polyphase  motor. 

Db.  Pupin  : — That  is  my  idea  of  it. 

Mb.  Woloott  : — On  pace  841  he  says :  "  Second,  that  therefore 
*'  it  is  more  difficult  to  pull  it  out  of  step,  as  it  has  the  capacity  to 
"  stand  what  I  would  term  magnetic  slippage."  If  that  means 
anything  it  means  that  if  you  pull  it  a  little  out  of  step  the 
torque  increases.  If  the  torque  does  not  increase,  I  do  not  see 
how  it  is  any  more  difficult  to  pull  out  of  step  than  the  ordinary 
synchronous  motor. 

Db.  Pupin: — Because,  if  you  pull  it  out  of  one  step  you  get 
it  into  another. 

Mb.  Woloott  : — That  may  be  what  the  author  means,  but  if  it 
is,  I  think  that  is  a  very  poor  foundation  for  his  claim. 

Db.  Pupin  : — It  has  several  chances  ;  whercjas  the  ordinary 
synchonous  motor  has  only  one. 

"  Db.  Samuel  Sheldon  : — I  wish  to  say  a  word  in  reference  to 
the  currents  generated  in  the  different  coils  upon  the  ring  of  the 
armature.  Suppose  the  armature  to  rotate  n  times  in  a  second 
in  a  constant  tield  of  unit  strength.  At  any  instant  of  time  t, 
the  electromotive  force  generated  in  a  single  coil  would  be 
proportional  to  the  sine  2  ::  nt  If  the  armature  remain  at  rest 
and  the  bipolar  iield  should  alternate  harmonically  n'  times  per 
second,  the  electromotive  force  generated  would  be  proportional 
to  sine  2  n  n'  t  If  now  the  armature  should  rotate  and,  at  the 
same  time,  the  tield  sliould  alternate,  the  electromotive  force 
produced  would  be  proportional  to  the  sine  of  2  t:  n  t  times  the 
sine  of  2  ;r  /i'  t  Suppose  the  armature  to  rotate  at  that  harmonic 
speed  which  makes  the  ratio  of  n  to  n'  as  2  to  3.  The  graphic 
combination  of  two  sine  curves  of  these  frequencies  yields  a  third 
curve,  which  represents  the  lime  change  of  electromotive  force 
generated  in  the  coil.  In  this  case  there  is  a  succession  of  alter- 
nations at  two  different  freauencies.  One  complete  alternation 
at  a  certain  frequency  is  followed  by  another  complete  alterna- 
tion at  twice  that  frequency.  I  do  not  know  what  mechanical 
action  would  result  from  this. 

Db.  Pupin  : — I  suspected  the  difficulty  which  Dr.  Sheldon 
mentions.  The  two  currents  are  of  ungual  amplitude.  The 
one  of  lower  frequency  has  a  smaller  amplitude  than  the  one  of 
higher  frequency,  and  Mr.  Gutmann  seems  to  rely  for  the  total 
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action  upon  the  quicker  field.  Whereas,  really,  when  you  have 
two  alternating  currents  of  unequal  frequencies,  and  they  are 
magnetizing  iron,  then  although  the  current  of  lower  frequency 
may  have  a  smaller  amplitude,  it  may  produce  a  stronger  magnetic 
effect  than  the  other  current  whicn  nas  a  higher  frequency  and 
larger  amplitude  and  weaken  considerably  its  magnetic  effect. 
That  may  give  Mr.  Gutmann  some  diflSiculty.  I  must  confess, 
however,  that  I  have  not  examined  the  proposition  thoroughly 
enough  to  speak  with  much  definiteness. 

The  President  : — Is  there  any  other  discussion  of  this  paper  'i 
It  may  interest  the  members  of  the  Instititte  to  know  that 
Council  this  afternoon  took  an  action  which  resulted  in  the  ap- 
pointment of  a  committee  consisting  of  Prof.  Crocker  as  Chair- 
man, Prof.  Kennellv,  Mr.  Caldwell,  Mr.  Stine  and  Prof.  Shep- 
ardson  to  discuss  ana  formulate  a  plan  to  determine  whether  or 
not  it  is  advisable  for  the  Institute  to  undertake  the  indexing  of 
electrical  literature.  This  grew  out  of  the  discussion  which 
you  remember  we  had  at  our  last  meeting  here.  I  do  not  know 
whether  the  iNSTrruTE  would  care  to  discuss  the  matter  prior  to 
the  work  of  the  committee.  This  committee  is  charged  with  the 
duty  of  determining  whether  such  a  thing  is  desirable,  and  second 
if  it  be  desirable,'  to  formulate  a  plan  according  to  which  it  can 
best  be  carried  out. 
[Adjourned.] 

Discussion  in  Chicago. 

A  meeting  of  the  Western  members  of  the  Institute  was  held 
in  Armour  Institute  on  December  19.  The  meeting  was  called 
to  ofder  by  Mr.  Arnold,  about  thirty-live  members  and  visitors 
l)eing  present.     Mr.  L.  L.  Summers  was  appointed  Chairman. 

M?.  Gutmann's  paper  was  read  in  detail  by  the  author. 

Mb.  Carl  K.  MacFadden: — 1  have  had  the  good  fortune 
to  witness  a  number  of  experiments  that  have  been  made 
on  this  system,  and  I  would  sav  that  in  this  new  plan,  as  is 
stated  in  the  last  clause  of  this  paper,  it  will  find  a  wide 
field  of  application.  As  far  as  I  know  there  is  no  method  of  ob- 
taining polyphased  currents  in  any  manner  which  will  ensure 
a  definite  relation  between  the  phases  of  the  currents.  The 
method  here  shown  for  getting  a  direct  current  from  a  single 
phase  ^alternating  current  through  a  single  machine  is  undoubt- 
edly of  great  value.  One  of  the  drawbacks  to  the  distribution 
of  alternating  current  for  power  is  the  necessity  for  having  more 
than  two  wires,  and  having  special  generators  for  furnishing  such 
a  current.  If  our  simple  smgle-phase  apparatus  could  be  used, 
and  a  current  obtained  which  might  then  be  converted  into  poly- 

5 base  or  direct  currents,  I  think  that  we   would  find  it  very 
esirable. 
Me.  L.  L.   Summers  : — In  the  rotary  transformer  it  is  evident 
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that  as  the  motor  has  several  speeds,  the  dynamo  end,  if  used  to 
develop  polyphase  currents,  woul'd  be  liable  to  furnish  currents 
of  variable  frequency  under  variable  load.  The  question  of  the 
efficiency  of  the  motor,  which  is  a  most  important  one,  would 
seem  to  depend  upon  the  magnitude  of  the  opposing;  forces  which 
are  represented  in  triangular  figures.  I  should  like  to  ask  Mr. 
Gutmann  what  the  efficiency  would  probably  be  in  practice. 

Mr.  Gutmann  : — In  a  motor  it  is  desirable  to  nave  several 
speeds  or  many  speeds  changing  gradually.  This  characteristic 
is  however  not  essential  or  even  desirable  in  a  rotary  transformer, 
especially  if  polyphased  currents  are  to  be  distributed.  We  would 
select  an  armature  construction  which  would  have  the  tendency  of 
retaining  a  fixed  speed,  and  which  is  not  easily  thrown  out  of 
step,  so  that  the  frequency  of  the  polyphased  currents  would 
remain  constant. 

The  efficiency  of  the  motor  depends  entirely  on  the  construc- 
tion of  the  armature,  and  also  on  the  field.  This  should  not  be 
judged  by  the  diagram,  which  is  simply  a  convenient  mode  of 
illustrating  the  idea.  It  is  of  course  understood  that  in  any 
motor  the  internal  waste  of  energy  should  be  reduced  to  a 
minimum,  and  in  the  present  case  m  proper  machines  the  reac- 
tive force  can  be  made  very  small. 

Mr.  MacFadden  : — One  of  the  most  interesting  feature  of  this 
system  to  me,  is  the  method  of  obtaining  polyphased  currents 
of  any  number  of  phases  from  a  single  phase  alternating  cur- 
rent, a  single  armature  and  a  single  winding.  From  a  second 
winding  a  direct  current  might  be  obtained.  Mr.  Gutmann 
has  su^ested  that  the  whole  thing  can  be  done  in  one  armature, 
which  i  understand  would  not  be  a  difficult  matter  to  design. 
The  principle  involved  is  one  that  I  think  is  applicable  to  almost 
all  classes  of  alternating  work,  and  I  see  many  advantages  in  it 
from  my  way  of  looking  at  it  that  are  not  possessed  by  any  poly- 
phased system. 

Mr.  Summers  : — In  a  rotary  transformer  for  obtaining  direct 
currents  there  would  also  seem  to  be  drawbacks,  for  ff  an  in- 
creased load  were  put  upon  the  secondary,  it  would  of  course 
load  the  motor,  and  if  this  load  is  greater  than  the  motor  will 
carry  at  synchronous  speed  it  woula  immediately  drop  to  an 
harmonic  speed,  and  if  no  system  of  compensating  for  the  de- 
creased speed  is  used,  the  motor  would  of  course  remain  at  this 
speed  without  difficulty  as  the  power  required  would  be  leas,  and 
the  torque  at  an  harmonic  speed  would  naturally  be  greater  than 
at  a  synchronous  speed,  providing  the  power  developed  is  the 
same.  This  decrease  of  speed  of  course  causes  a  decreased  ont- 
put  from  the  secondary.  But  suppose  a  method  of  compensating 
tor  this  decrease  be  obtained,  the  load  would  not  then  be  dimin- 
ished b^  the  decreased  speed,  and  unless  the  motor  is  capable  of 
deliverine;  an  increased  power  at  the  lower  speeds,  it  would 
behave  like  an  overloaded  synchronous  motor.     What  advantage 
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would  there  be,  Mr.  Gutmann,  in  using  ibis  transformer  say  in 

5 lace  of  a  self-starting  single  phase  machine  connected  with  a 
irect  current  dynamo  ? 

Mb.  Gutmann  : — ^A  system  of  compensation  may  be  adopted, 
as  for  instance,  the  placing  of  the  Held  magnet  c  in  series  with 
the  line,  which  would  by  its  increased  strength  on  increased  load 
superimpose  an  e.  m.  f.  on  the  armature  conductors,  compensa- 
ting for  the  decreased  speed.  As  regards  a  synchronous  motor 
driving  a  direct  current  machine  of  any  size,  it  will  be  clear  that 
a  third  machine  must  be  used  for  starting  the  synchronous  motor, 
or  at  least  some«complicated  devices,  sucn  as  condensers,  reactive 
coils  or  the  like.  This  complicates  a  system  considerably,  and  I 
think  a  self-contained  device  will  at  all  times  be  preferred.  This 
advantage  will  be  appreciated  for  instance,  if  we  wish  to  supply 
continuous  currents  lor  long  distance  railway  transmissions,  over- 
coming the  distance  by  high  potential  alternating  currents.  The 
subnstations  would  each  contain  but  a  single  rotary  transformer, 
while  with  the  former  disposition,  a  starting  device,  a  synchron- 
ous motor  and  a  continuous  current  generator,  or  three  separate 
machines,  would  be  required  to  replace  the  motor  generator. 

The  Chairman  : — We  have  heard  an  interesting  paper  this 
evening,  dealing  with  a  subject  of  great  practical  importance.  I 
think  we  all  regret  that  Mr.  Gutmann  has  been  unable,  or  rather 
unprepared,  to  furnish  data  which  would  enable  a  comparison  to 
be  made  with  the  present  methods  in  vogue,  both  as  to  practi- 
cability and  efficiency. 

[Adjourned.] 

[Communications  Received  After  Adjournment.] 

Prof.  Elihu  Thomson  : — {communicated) :  In  the  winter  of 
1887-88, 1  made  an  alternating  current  motor  for  single  phase 
currents  having  a  pair  of  single  phase  energizing  coils  surrounding 
the  revolving  iron  mass,  upon  wnich  latter  three  coils  were  wound 
as  is  the  ordinary  three-coil  winding  of  a  Thomson-Houston  arc 
dynamo.  This  machine  with  its  three  coils  closed,  was  without 
starting  torque,  and  was  therefore  provided  with  a  commutator 
which  short-circuited  the  coils  while  in  proper  position  succes- 
sively. This  gave  the  desired  starting  torque.  It  was  found  that 
the  coils  after  starting  could  be  short-circuited  and  the  commuta- 
tor dispensed  with.  So  far  as  I  am  aware  this  machine  dif- 
fered in  no  essential  particular  from  Mr.  Gutmann's,  Figs.  1  and  2 
of  which  disposition  he  evidently  believed  himself  the  originator. 

He  refers  to  such  machines  as  "  having  a  small  starting  torque 
irhen  rotated.^^ 

Surely  a  torque  exhibited  only  after  rotation  is  given,  is  not  a 
starting  torc[ue,  though  it  may  be  an  accelerating  torque,  pro- 
vided there  is  little  friction  and  no  load. 

It  is  not  unusual  for  single  phase  induction  motors  to  exhibit 
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such  accelerating  torque,  and  I  have  made  many  of  them  in  which 
the  relations  of  windings  were  very  different  nrom  those  referred 
to  by  Mr.  Ontmann  which  s^ave  similar  results  as  the  author 
points  out.  Such  machines  will  not,  of  course,  start  from  a  state 
of  rest  unless  some  modification  of  the  structure  or  its  mode  of 
operation  be  made  with  the  purpose  of  securing  starting  torque. 
Some  of  such  methods  ^ve  starting  torque  quite  comparable  with 
the  torque  exhibited,  wnile  running  under  full  load. 

It  has  been,  and  is  the  practice  of  the  General  Electric  Company 
to  construct  both  polyphase  and  single  phase  induction  motors 
with  a  three-coil  winding  on  the  induced  or  revolving  part,  kept 
on  closed  circuit  through  a  resistance  at  the  start,  and  on  short- 
circuit  at  speed.  Mr.  Gutmann  claims  as  a  point  of  novelty 
in  his  described  apparatus,  '^  that  the  closed  circuits  do  not 
coincide  in  number  with  the  poles  of  the  field  magnet."  My 
ori^nal  macliine,  which,  by  the  way,  has  been  descrioed  in  pub- 
lications and  patents,  had  two  poles  and  three  closed  armature 
coils.     This  has  not  been  novel  since  1888. 

The  apparatus  which  Mr.  Gutmann  alludes  to  in  connection  with 
his  Fig.  18,  seems  complicated.  Involving,  as  it  does,  two  com- 
mutators, one  of  them  directly  in  the  alternating  current  supply 
circuit,  it  would  hardly  appear  to  present  any  advantages  over 
the  motor  generators,  now  well-known  in  the  art,  which  receive 
alternating  currents  of  single  or  polyphased  character  and  com- 
mute them  into  continuous  currents  by  the  inevitable  single  com- 
mutator. 

Mb.  Ludwio  Gutmann  {eommunwited)  \ — Noticing  that  the 
discussion  in  Chicago  is  incomplete  and  that  in  New  York  calls  for 
a  reply  containing  similar  statements,  I  have  condensed  the  two 
in  order  to  answer  the  questions  of  several  members  in  the  East. 

I  wish  to  express  at  this  place  my  thanks  to  Professor  Pupin 
for  his  able  exposition  of  the  paper.  The  differences  which, 
however,  exist  between  a  few  of  his  views  expressed  in  the  dis- 
cussion, and  my  own,  are  due  mainly  to  his  strict  adherence  to  the 
armature  diagrams,  Figs.  1  and  2,  and  this  adherence,  while  cor- 
rect, is  caused  no  doubt  by  the  omission  of  certain  parts  which 
were  left  out  with  a  view  of  shortening  the  already  lengthy  paper. 
I  wish  to  remark  further  that  these  armature  diagrams  were 
selected  on  account  of  the  simplicity  which  they  admit  in  pre- 
senting the  various  actions  ana  results  of  each  winding  or  ooiU 
while  lor  efiicient  working  a  number  of  other  dispositions  would 
suggest  themselves. 

Mr.  Wolcott  has  grasped  the  situation.  The  qualities  which 
are  shown  around  the  synchronous  speed  are  repeated  at  the 
harmonic  speeds,  which  are  positions  of  torque  and  not  dead 
points,  as  Mr.  Kennelly  has  assumed.  Near  synchronism,  or  at 
the  harmonic  speeds,  tlie  armature  is  in  stability,  and  it  takea 
power  to  pull  it  out  of  step ;  however,  when  the  speed  is  chans^ 
ing  from  a  given  speed  into  another,  the  armature  is  temporari^ 
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in  instability  until  the  current  has  adjusted  itself  to  the  new  speed. 
Both  Mr.  Wolcott  and  Dr.  Popin  are  correct  in  their  assump- 
tions, inasmuch  as  the  motor  can  either  be  synchronous  or  prac- 
tically so-called  non-synchronous.  This  will  be  clear  if  we  select, 
for  instance,  Professor  Ferraris'  cylinder  armature.  (See  Fig. 
19.)  This  cylinder,  disk  or  drum  lias  in  all  positions  a  sym- 
metrical relation  to  the  energizing  field,  and  the  same  magnetic 
resistance  to  the  lines  of  force  of  the  field  contrary  to  Jiffs.  I 
and  2.  Therefore,  it  may  be  considered  in  step  at  any  speed  and 
in  any  position.  This  is  caused  by  the  continuity  of  the  conduc- 
tor in  tne  direction  of  rotation,  which  allows  the  ffreatest  possible 
slippage,  owing  to  the  absence  of  strongly  defined  poles,  and  the 
armature  may  come  to  rest  in  any  position  in  the  energized  field. 
Such  an  armature  can  rotate  at  any  desired  speed  which  in  a 
given  energizing  field  depends  on  the  load.  The  greater  the 
toad,  the  smaller  the  speed,  and  the  greater  becomes  the  amount 
of  energy  wasted  in  the  latter  by  heatins:.  Figs.  1  and  2  show 
a  few  interconnected  coils,  while  the  Ferraris  armature  repre- 


sents one  of  an  infinite  number  of  closed  coils.  The  former 
develops  strongly  defined  poles  at  given  points,  and  no- 
where else,  whfle  the  cylinder  will  produce  weak  poles  at  any 
given  point  of  its  circumference.  The  armature.  Fig.  2, 
will,  therefore,  rotate  at  certain  fixed  speeds  and  not  at  another, 
half  way  between  any  of  the  former.  Between  these  two  ex- 
treme cases  belong  those  t^pes  with  any  other  number  of  coils  or 
circuits  which  may  be  designed  for  other  speeds,  changing  ab- 
ruptly or  gradually.  The  greater  the  number  of  armature  con- 
ductors or  coils  the  smaller  will  be  the  difference  of  change  from 
one  speed  to  the  next. 

The  remarks  of  Drs.  Pupin  and  Sheldon  regarding  the  action 
of  the  slower  field  are  very  pertinent.  Certainly  this  second  field 
may  become  detrimental  in  some  machines  ;  however,  this  fact 
has  been  recognized  at  an  early  stage.  To  make  any  motor 
efficient,  reactive  forces  should  be  as  small  as  possible,  and  they 
can  be  reduced  to  a  few  per  cent,  of  the  main  force  in  machines 
of  this  type. 
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In  reply  to  Professor  Thomson  I  wish  to  say  that  the  comma- 
nication  re^rding  his  motor  constnictioD  is  something  new  to 
me.  Looking  over  a  number  of  references  relating  to  the 
Professor's  motors,  I  have  failed  to  find  an  armature  with 
closed  sub-circuits,  which  has  been  used  since  1891,  especially 
in  polyphase  work.  Had  I  known  that  I  would  raise  a  oiies- 
tion  of  priority,  I  would  have  carefully  avoided  ir.  Should  I 
be  mistaken  in  this  matter,  and  it  be  found  that  the  devices  are 
identical,  which  question  is  an  open  one,  I  would  only  be  too 
glad  to  repair  the  error.  The  criticism  regards  '*  starting 
torqne"  is  correct,  accelerating  torque  is  the  proper  term. 

The  practice  of  the  General  Electric  Company  is  widely  known, 
and  while  I  have  read  of  their  polyphase  and  so-called  monocyclic 
systems,  1  must  confess  that  I  have  not  heard  or  read  anything 
in  technical  journals  regarding  the  single  phase  motors  and  their 
installations,  except  pernaps  the  fan  motor,  the  outside  of  which 
was  described  last  year.  Had  the  power  motors  given  the  desired 
results,  I  do  not  understand  the  unnecessary  expense  of  the  crear 
tion  of  the  monocyclic  system  within  the  last  six  months.  It 
may  be  contended  that  a  motor  with  a  commutator  is  objection- 
able, but  I  believe  the  necessity  of  a  special  generator  and  an 
additional  conductor  is  still  more  objectionable.  I  hope  Professor 
Thomson  will  pardon  my  ignorance  of  this  practice  of  the  General 
Electric  Company  as  regards  their  single  phase  motors,  which 
are  no  doubt  motors  operated  on  the  ordinary  two-wire  circuits, 
if  I  understand  correctly. 

I  fully  agree  with  Professor  Thomson  that  Fig.  18  would  be 
for  many  cases  a  complicated  machine,  and  I  have  tried  to  pre- 
vent the  raising  of  this  objection  by  stating  that  the  device  has 
been  simplified  to  a  considerable  extent.  It  was  not  the  object 
to  show  these  devices  up  to  date,  but  to  show  that  the  ordinary 
single  phase  alternating  current  can  be  split  up  at  any  point  into 
any  number  of  phases  lagging  at  a  constant  angle,  which,  to  my 
knowledge,  has  not  been  done  heretofore,  and  secondly,  that  a 
constant  current  can  also  be  produced  by  such  a  machine,  also  at^ 
any  point  of  the  ordinary  circuit.  The  state  of  the  art  has  been, 
as  far  as  I  am  aware,  to  commutate  a  single  alternating  current 
into  a  pulsatory  one  by  means  of  a  commutator  rotated  syn- 
chronously, or  by  leading  into  a  motor  generator  bi  or  poly- 
S'lased  currents  and  commutating  these  into  continuous  currents, 
owever,  neither  the  method  of  changing  a  single  alternating 
current  into  a  continuous  current,  "  now  well  known  in  the 
art,"  to  which  Professor  Thomson  refers,  nor  the  machine  ac- 
complishing it,  are  known  to  me. 


HAIL-BONDING,  AND  ITS  BEARING  ON  ELECTllO- 
LYTIC  CORROSION. 
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^[A  Communication  in  Discumon  of  a  Paper,  by  Isaiah  H,  Famham,  on  the 

Destructive  Effect' of  Electrical  Currents  on  Subterranean  Pipes,  read  April 

\^h  and  25</i,  1804.     See  p.  191  anU,] 

Investigations  into  the  characteristics  of  electrolytic  corrosion 
of  underground  metal  work  by  the  earth  return  currents  of  elec- 
tric railway  circuits,  and  the  methods  suggested  for  remedying 
the  troubles  therefrom,  lead  to  the  conclusion  that  the  problem  of 
electrolytic  corrosion  and  of  rail-bonding  electric  railways  may 
best  be  considered  conjoi/itly,  for  in  the  solution  of  one,  may  be 
found  that  of  the  other.  The  conditions  of  the  many  electric 
railway  systems  1  have  examined  on  the  Pacific  Coast,  demonstrate 
that  in  such  roads  electrolytic  corrosion  is  evidenced  when  the 
return  circuit  is  in  one  or  more  of  the  several  conditions  soon  to 
be  described. 

As  explanatory  of  the  terms  used,  the  word  *'  main  "  refers  to 
the  water  main,  gas  main,  Edison  tube,  telephone  or  telegraph 
•cable,  or  the  other  underground  metal  structure  that  may  be  af- 
fected. In  compound  words  consisting  of  two  nouns  connected 
by  the  preposition  "to,"  a  noun  appearing  first  indicates  that  it 
represents  a  i)08itive  polarity,  as  in  the  expression  "  main  to-track- 
bonding,"  the  bonding  is  between  a  positive  main  and  a  negative 
track.  Conversely,  "track-to-dynamo-bonding"  indicates  that  a 
track  having  a  positive  polarity  is  bonded  to  the  negative  side  of 
the  dynamo.  AH  generators  are  assumed  to  feed  positive  to  line. 
By  "cross-bonding"  is  meant  the  bonding  between  main  and 
track  without  reference  to  the  polarity  of  eitlier. 

'  The  several  conditions  refeired  to  as  causing  electrolysis,  and 
which  describe  actual  cases,  are  as  follows : 

1.  When  the  track  conductivitv  is  low. 

2.  When  the  track   is  bonded  with   various  points  of  mains 
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M'itliout  regard  to  the  polarity  of  the  main  or  track,  arid  is  poorly 
bonded  or  not  bonded  with  the  negative  of  the  dynamo. 

3.  When  mains  connect  one  portion  of  a  track  to  a  distant  por- 
tion, there  l)eing  no  proper  cross-bonding. 

4.  When  the  mains  show  positive  potentials  at  one  or  more 
locations,  there  l>eing  no  main-to-track  or  main-to  dynamo  bond- 
ing at  such  points. 

The  preceding  present  tlie  ordinary  conditions  condmive  to 
a^ravated  forms  of  electrolysis,  all  of  which  may  be  summed  up, 
though  less  distinctively  in  the  single  declaration  that  corro^v^ 
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electrolysis  (occurs  when  a  main  shows  a  positive  potential  aC 
any  j}oi7it^  without  proper  main-to-track  or  mainrto-dynamo 
hondtng, 

5.  When  the  track  is  not  bonded  to  main  or  dynamo,  there 
beiijg  only  main-to-dynamo  bonding. 

This  case  is  significant  in  that  it  exhibits  an  electric  railways 
system  which  shows  unusual  considerations  for  the  interests  of  a 
water  company,  to  the  material  detriment  of  the  coal  pile  of  the 
former. 

6.  When  the  track  is  intimately  cross-bonded  with  mains 
throughout,  without   regard  to  the  polarity  of  either  main  or 
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track,  there  being  no  track-to-dyiiamo  or  main-to-dynamo  bond- 
i]ifi\  and  gron^d  plates  only  being  nsed. 

The  importance,  not  to  say  enornjity,  of  Case  6,  is  phown  in  a 
remarkable  example  of  corrosive  electrolysis  that  was  imcovered 
in  the  writer's  presence.  In  a  certain  lighting  and  power  station 
situated  off  the  line  of  the  railway  system,  an  earth  return  was 
need  exclusively,  in  order  to  avoid'the  expense  of  carrying  nega- 
tive feeders  out  to  the  track.  Ordinary  ground  plates  proving 
inadequate,  a  two  in.  iron  pipe  with  a  ]No.  (JOOO  wire  inside,  was 
driven  to  a  depth  of  about  ten  feet  to  the  water  line  under  the 
station,  and  a  second  No.  0000  wire  was  carried  out  to  the  river 


Fig.  la. 


several  hundred  feet  distant  and  sunk,  with  some  40  feet  of  bare 
wire  attached.  This  being  still  inadequate,  a  No.  OOUO  wire  was- 
attached  to  a  six  in.  water  main  running  into  the  river,  and 
which  was  independent  from  the  city  mains,  when  good  results 
were  obtained.  The  method  of  cross-bonding  consisted  in  tap- 
ping i  in.  tinned  brass  plugs  into  the  cast-iron  water  main  at 
intervals  of  lt>()0  feet  over  the  entire  system.  Four  strands  of 
No.  4  wire  or  two  strands  of  No.  0  wire  were  used  in  this  cross- 
bonding.  These  wires  were  soldered  to  the  plugs,  and  driven- 
bonded  into  the  rails  after  the  usual  manner.  In  making  altera- 
tions in  the  power-house  last  summer  it  was  deemed  advisable  to 
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lower  the  height  of  an  engine  which  rested  upon  a  foundation 
probably  15  feet  deep,  the  foundation  consisting  of  one  part  of 
Portland  cement  to  tnree  parts  of  clean  sand  and  five  parts  of 
broken  stone.  The  engine  was  bolted  down  to  this  by  means  of 
six  ^  in.  bolts,  each  al>out  4  feet  long,  each  bolt  bein^  sulphur 
centered  in  a  2  in,  iron  pipe,  4-^  feet  long,  the  pipe  bemg  set  in 
the  ceipent,  the  bolts  projecting  above.  The  wnole  foundation 
top  was  flushed  with  \  in.  of  sulphur,  upon  which  the  engine 
was  placed.  Upon  removing  the  engine  and  chiseling  off  8  in. 
of  concrete  it  was  found  that  four  bolts  were  in  prime  condition. 
The  fifth  bolt  which  was  out  of  the  pipe  center  because  of  having 
been  bent,  was  corroded  on  the  side  nearest  the  pipe  to  a  depth 
of  approximately  ^  in.,  while  the  iron  it  had  lost  was  deposited 
in  the  form  of  a  sulphide  upon  the  inner  side  of  this  pipe.  Figs. 
1,1a,  show  the  condition  of  the  sixth  bolt  as  it  was  taken  from 
the  concrete.  Parts  of  the  interior  of  the  pipe  bear  the  familiar 
marks  of  electrolytic  pitting,  probably  occasioned  at  a  time  when 
negative  was  fed  to  line,  xne  fact  that  the  bolt  was  entirely 
corroded  through  is  evident,  as  is  the  further  fact  that  the  iron 
taken  from  the  bolt  is  deposited  upon  the  inside  of  the  pipe. 
The  photographs  clearly  show  streaks  or  veins  of  impurities  that 
were  developed  in  the  sulphur  which,  it  would  appear,  presented 
the  usual  conditions  favorable  to  corrosive  electrolysis.  Had  it 
been  possible  to  reach  the  lower  end  of  the  pipe,  marked  cor- 
rosion on  it  would  have  undoubtedly  been  found.  Obviously 
the  principal  condition  leading  to  this  experience  was  the  fact 
that  the  boilers,  engines,  steam  fittings,  and  even  the  concrete 
foundation  served  as  a  path  for  the  return  current.  That  the 
current  was  makhig  a  frantic  effort  to  reach  the  ground  plate 
was  evident,  and  it  would  be  hardly  possible  to  find  a  more  signifi- 
cant specimen  of  the  insidious  character  of  corrosive  electrol- 
ysis, which  is  here  proven  capable  of  attacking  ordinary  inac- 
cessible metal  substructure.  Having  learned  of  this  occurrence, 
the  prudent  station  manager  will  see  that  his  machinery  shows 
absolute  zero  to  the  negative  of  his  railway  generators,  or  per- 
chance some  dav  his  most  trusted  engine  may  gyrate  through 
the  station,  causmg  ruin  that  would  make  a  tornado  envious. 

In  addition  to  the  six  conditions  named,  which  are  taken  from 
actual  experience,  there  yet  remains  a  case  that  is  as  distinctive 
as  it  is  perplexing.  Both  the  corrosive  action  itself  and  the  local 
conditions  are  so  unusual -that  all  details  will  be  related.  Fig.  2 
is  a  map  showing  the  location  of  the  power-house  and  the  af- 
fected water  main,  which  consists  of  an  8-in.  kalomine  pipe 
under  a  street  of  a  city,  that  is  undoubtedly  one  of  the  most 
trying  locations  for  underground  iron  work  on  the  face  of  the 
globe.  This  is  owing  to  the  fact  that  the  earth  is  almost  satu- 
rated with  a  solution  of  sulphate  of  copper  that  seeps  down  from 
enormous  copper  mines  on  the  hills,  through  the  ground  under 
the  city.     The  avidity  with  which  this  solution  attacks  iron  is 
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shown  in  the  fact  that  the  iron  pipes  used  in  pumping  thecupric 
sulphate  water  out  of  the  copper  mines  seldom  lasted  a  month, 
until  a  preventive  was  foand  in  lining  the  pipes  with  wood. 
Kalomine  pipe  withstands  copper  solutions  better  than  cast  or 
wrought- iron,  but  now  an  extraordinary  trouble  has  appeared 
that  seems  to  present  a  new  and  unrecorded  form  of  corrosive 
electrolysis. 

The  map  shown  in  Fig.  2,  together  with  the  explanation  ac- 
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companying  it,  conveys  all  information  necessary  concerning  the- 
location  of  tracks,  water  main,  the  power-house,  etc.  The  nega- 
tive of  the  generators  is  grounded  by  two  No.  0  wires,  one  to  the 
track  and  the  other  to  the  2-in.  iron  water  pipe  furnishing  water 
to  the  station  from  the  affected  main.  The  affected  portion  of 
the  8-in.  main  referred  to  is  about  300  feet  in  length,  as  shown 
on  the  map,  and  so  serious  is  the  action  that  its  life  seldom  ex- 
ceeds eight  months.  The  peculiarity  of  the  corrosion  is  in  the  fact 
that  the  pitting  invariably  occurs  on  the  inside,  working  outward.. 


808 


LOW  ON  RAIL  BONDING,  KIV. 


Fig.  3  shows  a  photograph  of  the  interior  of  a  short  lene^h  of  this 
pipe  within  22  in.  on  which  are  18  perforations,  all  oi  the  char- 
acter described,  and  inside  the  pipe  are  clearly  seen  other  pittings 
that  have  penetrated  from  witnin  ontward  to  various  depths. 


Pig.  8. 

from  the  merest  fraction  of  an  inch  to  almost  a  complete  perfora- 
tion, also  the  sediment  ranning  longitudinally  along  the  center 
that  has  been  deposited  from  orainary  causes. 

Fig.  *6a  exhibits  the  same  specimen  with  the  sediment  on  the 
right  hand  portion  of  the  pipe  scraped  oflE,  in  order  to  show  more 
clearly  the  fact  that  the  pittings  occur  from  the  inside. 

Fig.  2h  shows  the  specimen  set  up  and  photographed  against 
the  sun,  which   proved  the  only  way  by  which  a  satisfactory 


Fig.  8a. 


photograph  of  the  perforations  could  be  obtained.  In  one  in- 
stance the  sun  being  immediately  in  range,  the  perforation  is 
greatly  exaggerated. 

Fig.  3c  is  from  an  inferior  photograph  of  the  reverse  side  of 
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the  plate,  which  is  in  reality  of   a  very  smooth  surface  with 
many  perforations. 

A  great  deal  of  the  same  pipe  is  used  throughout  other  por- 


Pio.  3ft. 


tions  of  the  city,  but  the  internal  pitting  described  occurs  only 
on  the  300  foot  length  defined.  The  exterior  surface  presents 
the  usual  rusted  appearance,  and  in  view  of  the  opinion  recently 
expressed  by  an  eminent  authority,^  that  the  corrosion  of  nascent 


Fig.  &;. 


oxygen  liberated  by  the  electrolysis  of  water  is  not  an  effect  of 
practical  magnitude,  it  is  difficult  to  assign  any  satisfactory  cause 

1.  Prof,  D.  C.  Jackson  on   "  The  Corrosion  of  Iron  Pijses  by  the  Action  of 
Railway  Currents,"  read  before  the  Western  Society  of  Engineers,  July,  1894. 
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'  for  the  action.  It  has  not  been  possible  to  obtain  an  analysis  of 
the  water  in  the  pipe,  but  it  is  obtained  from  mountain  streams 
14  miles  away  and  tastes  pure  and  wholesome.     Nor  does  it  ap- 

{»ear  possible  that  the  soil  could  affect  the  main  internally.  The 
act  tnat  the  trouble  occurs  at  the  point  nearest  the  power-honse 
affords  circumstantial  evidence  against  electricity,  which  is  almost 
confirmed  by  the  further  fact  that  internal  pitting  and  perfora- 
tion is  not  to  be  found  elsewhere  in  the  city,  even  with  tne  same 
pipe,  water  and  other  external  conditions,  excluding  only  the 
proximity  of  the  power-house.  It  is  for  those  having  facilities 
tor  experiment  to  point  out  the  action  occasioning  this  internal 
corrosion  and  to  indicate  a  cure. 

Returning  again  to  the  usual  forms  of  electrolvtic  corrosion, 
to  relieve  the  main  from  injury,  excepting  that  due  to  internal 
pitting  and  electrolysis  at  low  conductivity  joints  in  mains,  it  is 
advis^le  that  the  return  current  be  connned  to  the  track  as 
closely  as  is  possible.  The  most  competent  method  of  doing 
this  in  a  double-track  road,  appears  to  be  in  an  adaptation  of  the 
three-wire  system,  in  which  one  trolley  wire  forms  the  positive, 
the  other  trolley  wire  forms  the  negative,  and  the  rails  lorming 
the  neutral.  In  this  particular  arrangement,  which  is  different 
from  those  three-wire  applications  now  in  use  in  different  locali- 
ties, if  the  rails  and  tracks  are  properly  bonded  it  is  clear  that 
under  normal  conditions  the  ftarth  will  be  free  from  the  enor- 
mous return  current  that  at  present  seeks  its  way  to  the  power- 
house by  every  possible  channel. 

Kegardless  of  the  carrying  out  of  this  eminently  practical 
suggestion,  however,  electrolytic  corrosion  of  mains  from  the 
eartn  return  currents  of  electric  railway  circuits,  will  not  occur 
when  the  following  requirements  have  been  complied  with. 

I.  No  cross-bonding  at  points  where  the  mains  show  perma- 
nently negative  potentials. 

II.  Heavy  cross-bonding  at  points  where  the  mains  show  per- 
manently positive  potentials. 

III.  xtail  bonds  of  absolute  permanence  and  reliability. 

IV.  High  conductivity  in  track  return  circuit. 

y.  Greatest  possible  resistance  from  tracks  and  mains,  at 
points  where  the  mains  show  permanently  negative  potentials. 

VI.  Generators  to  permanently  feed  positive  to  line  and 
ne^tive  to  track  and  main. 

VII.  Heavy  bonding  between  the  negative  side  of  generators 
to  various  proper  points  of  mains  not  heretofore  designated. 

It  is  hardly  necessary  to  emphasize  the  fact  that  trouble  occar 
sioned  by  corrosive  electrolysis  is  largely  due  to  the  inadequate 
conductivitv  of  the  rail  return  circuit,  or,  to  repeat  the  oft-told 
truth  that  the  difficulty  attending  the  use  of  the  track  as  a  return, 
is  at  the  rail  joint.  Ine  welding  of  rails  is  now  believed  to  have 
reached  the  commercially  successful  stage,  and  it  certainly  forms 
a  perfect  construction  in  every  sense,  but  up  to  the  present,  it 
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has  not  come  into  general  use.  Whether  its  slow  development 
has  been  dne  to  inherent  defects  or  to  demands  for  excessive- 
royalties  or  other  causes,  has  not  been  explained.  A  remedy 
may  be  found  in  another  direction,  and  in  looking  for  it  the  sub- 
ject of  rail  joints  must  be  thoroughly  digested,  not  only  electri- 
cally but  from  mechanical  standpoints  both  in  steam  and  street 
railways. 

The  method  of  joining  together  the  abutting  ends  of  rails  is 
known  as  fishing,  a  term  doubtless  originated  by  Mr.  Thos^ 
Tredgold,  one  of  the  honored  fathers  of  the  profession  of«  civil 
engineering,  who  defines  fishing  as  perhaps  the  simplest  and  best' 
method  of  joining  beams.  Continuing  in  the  same  strain  Mr. 
H.  Conybere,  C.  t.,  says : 

"  Of  rail  joints  there  are  two  varieties,  the  suspended  and  the 
"  insistent  fish.  The  former  has  to  perform  two  functions,  the 
"latter  only  one.  The  suspended  joint  had  first  to  act  as  a 
**  girder  by  giving  vertical  strength  to  the  joint  between  the  two 
"  rails ;  the  fishes  therefore  required  to  be  long  and  deep  as  i>os- 
"  sible,  to  be  fastened  by  four  bolts,  and  to  nave  the  bearing 
"  edges  as  nearly  horizontal,  in  order  to  keep  the  two  ends  of  the 
"  rail  in  accurate  opposition  so  that  the  joint  might  offer  no  ob- 
"  stacle  to  the  smooth  moving  of  the  wheels.  The  insistent  fish 
"  was  not  required  to  add  to  the  vertical  strength  of  the  joint, 
"  such  joint  being  supported  by  the  joint  sleepers  or  ties,  the 
"  only  function  it  had  to  fulfil  was  to  maintain  the  extremities 
"  of  the  continuous  rail  in  accurate  opposition.  For  this  pur- 
'^  pose  a  much  shorter  and  shallower  fish  than  would  be  required 
"  m  suspension,  answered  every  purpose." 

Anotner  writer  says : 

"  If  rails  were  very  deep  the  fish- joint  would  leave  little  to  be 
"desired.  When  a  heavily  loaded  train  is  caused  to  run  along  a 
"  rail,  it  will  be  found  to  continually  deflect  under  the  insistent 
"  strain,  and  this  deflection  is  transmitted  onward  in  advance  of 
"  the  wheel,  the  rail  assuming  a  curve  in  a  vertical  plane  of 
"  greater  or  less  lenglJi.  When  the  wheel  approaches  a  weak 
"  joint  on  a  shallow  rail,  the  curve  is  rudely  broken.  The  stiff- 
"  ness  of  the  joint  principally  depends  on  the  section  of  the  rai), 
"  often  only  a  third  of  tne  stiffness  of  the  joints  is  afforded  b» 
"compared  with  the  solid  rail.  Improved  fish- joints  give  80 
"  per  cent,  of  the  stiffness  of  the  solid  rail." 

Experiments  made  with  two  deep  fish-plates  having  supports 
two  feet  between  the  centers  of  ties,  and  carrying  a  load  of  25 
tons  shows  more  deflection  on  the  solid  rail  than  on  the  joint. 
The  bolts  were  not  the  least  hurt  during  the  test.     (Sandberg.) 

A  certain  amount  of  elasticity  is  essential  to  the  durability  of 
the  rails,  which  is  the  reason  for  the  preference  given  to  wooden 
ties.  The  compression  of  new  ties  under  an  engine,  is  found  to 
be  from  J  in.  to  |  in.  sometimes  with  old  ties.  Besides  the 
movement  in  the  tie  itself,  there  is  also  a  movement  of  the  tie 
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upon  its  bed,  and  these  are  the  sole  causes  of  the  deflection  of  the 
raiL  Considered  as  a  beam  to  support  an  insistent  weight,  a  rail 
of  over  60  pounds  per  yard  is  abundantly  able  to  stand  up  under 
five  times  the  pressure  that  it  will  ever  be  called  upon  to  bear. 
As  regards  deflection  under  a  swiftly  passing  load,  Mr.  Bidder, 
President  Institution  of  Civil  Engineers,  England,  says,  that  if 
there  was  no  rail  in  a  space  of  three  feet,  at  40  miles  per  hour, 
the  wheels  of  an  engine  wonld  not  deflect  more  than  ^  in.  from 
gravity,  therefore  if  a  rail  deflected  more  than  ^  in.,  no  further 
pressure  from  the  engine  could  occur.  Capt.  W.  H.  Taylor, 
another  authority,  expresses  the  opinion  that  when  the  rails  are 
shallow,  or  are  wanting  in  depth,  the  blows  become  serious,  but 
when  the  section  is  deep  and  the  ties  are  sufficiently  near  to- 

f  ether,  the  deflection  of  rails  under  a  passing  load,  is  impercepti- 
le.  The  most  instructive  expositions  of  the  principles  of  track 
construction,  are  two  pamphlets  on  *'  Smooth  Track"  from  the 
pen  of  Mr.  Philip  Noonan  of  Troup,  Texas,  who  is  a  nioneer  in 
the  advocacy  of  continuous  rails  and  to  whose  researcnes  is  due 
much  that  is  known  concerning  wave  motion  in  the  rails. 

It  is  evident  from  the  foregoing,  that  steam  roads  are  designed 
to  operate  on  a  yielding  roadbed,  which  gives  from  less  than 
•^  in.  to  i  in.  or  more,  as  the  train  progresses,  the  train  being 
continually  preceded  by  a  wave  of  depression.  This  is  a  fea- 
ture that  becomes  marked  in  considering  the  points  of  diver- 
gence between  the  requirements  of  steam  locomotive  railroads, 
And  street  railroads.  The  latter  is  required  to  be  operated  at 
from  5  to  15  miles  per  hour;  the  routes  they  traverse  are  occu- 
pied jointly  by  all  kinds  of  vehicles,  hence  the  conditions  are 
that  these  streets  and  highways  shall  be  so  paved  as  to  support 
such  traffic.  This  requires  the  placing  of  tne  top  of  the  ties  6, 
7,  8  and  10  inches  below  the  suriace  of  the  street,  and  has  neces- 
sitated the  use  of  much  heavier  rails  tlian  those  required  on 
other  lines  of  railway.  When  it  is  known  that  a  rail  is  to  be  re- 
garded as  an  iron  beam,  the  stiffness  of  which  is  as  the  cube  of 
its  depth,  the  fact  that  the  key  for  deriving  a  solution  of  the 
question  of  how  to  obtain  a  smooth  line  of  rail  has  been  reached, 
can  be  realized.  The  supported  joint  is  preferable  for  street 
railroads  because  of  the  solidity  and  immovable  character  of  tiie 
roadbed ;  the  locomotive  roads  require  the  suspended  joint  so  as 
to  be  in  keeping  with  the  elastic  character  of  their  roadbed.  The 
difference  between  the  two  roads  lies  in  the  magnitude  of  the 
wave  of  depression  passing  along  the  rails  under  the  traffic  pecu- 
liar to  each  system.  In  the  steam  road  the  wave  of  depression  is 
clearly  defined  and  considerable;  in  the  street  road  with  ite  con- 
crete bed  and  perfected  constraction  if  such  wave  exists  at  all  it 
is  negligible,  and  owing  to  the  extreme  rigidity  of  the  joints,  the 
abutting  ends  of  rails  certainly  have  no  appreciable  play.  This 
is  a  point  to  be  borne  in  mind. 

The  expansion  of  rails  from  increased  temperature  presents  a 
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farther  point  that  has  long  been  considered  insarmountable,  but 
recent  experiments  of  great  engineering  value  indicate  the  end  of 
trouble  from  this  cause.  Mr.  A.  J.  Moxham,*  in  experimenting 
upon  a  roadbed  in  actual  operation,  placed  1100  feet  of  78-pouna 
track  in  such  a  manner  that  it  practically  formed  a  continuous 
rail.  The  joints  were  made  with  the  utmost  rigidity,  and  many 
thousand  temperature  and  other  essential  readings  were  carefully 
taken  periodically  day  and  ni^ht  during  the  months  that  the  ex- 
periment lasted.     In  Mr.  Moxnam's  own  words : 

"  The  experiment  proved  absolutely  and  beyond  cavil  that  the 
^^  track  is  restrained  and  held  by  surface  friction  of  the  surround- 
^4ng  roadbed.  From  first  to  last,  from  a  temperature  22  degrees 
"  beiow  freezing  point  (or  10  degrees)  to  a  temperature  of  89 
"  degrees  above  freezing  point  (or  121  degrees)  tnere  was  abso- 
*'  lutely  no  movement  of  the  track  out  of  place.  Even  at  the 
"  ends  this  was  true ;  proving  that  not  only  will  the  roadbed  hold 
^^  the  track  as  a  complete  structure,  but  that  it  will  do  it  consecu- 
^'  tively.  Once  bedded,  it  will  hold  a  rail  10  feet  or  30  feet  as 
"well  as  one  110  feet.  On  this  point  there  is  no  room  for 
"  error." 

A  further  experiment  in  this  direction  was  made  by  Mr.  Wason 
of  Cleveland,  who,  in  order  to  get  as  nearly  as  possible  a  con- 
tinuous rail,  put  down  1000  feet  of  track,  riveting  the  joints  with 
red  hot  bolts  put  in  by  boiler  makers,  and  placing  the  ends  to- 
gether as  closely  as  possible,  six  rivets  to  eacli  joints.  It  was  juet 
as  straight  after  ten  months  as  when  first  put  down,  the  joints 
being  absolutely  imperceptible. 

It  is  now  clear  that  the  deep  rails  being  imbedded  in  a  soUd 
roadway,  enables  the  engineer  to  defy  the  forces  of  expansion  in 
the  r^ls ;  he  therefore  prepares  the  ends  so  that  they  closely  abut, 
and  then  double,  bolts,  rivets  or  welds  the  joints  so  as  to  make  a 
practically  continuous  rail.  In  the  case  ox  a  steel  rail  buried  in 
the  earth,  the  necessary  expansion  on  account  of  increase  of  tem- 
perature consists  of  a  minute  enlargement  of  the  sectional  area, 
thus  following  the  direction  of  least  resistance.  A  fruitful  source 
of  trouble  on  street  railroads,  has  been  the  space  unnecessarily 
left  between  the  rail  ends  for  expansion,  as  practiced  hitherto  by 
steam  roads.  The  wheels  of  electric  motor  cars  and  even  cable  cars 
soon  pound  these  places  sufficiently  to  cause  considerable  deflection. 
Another  point  which  will  assist  in  maintaining  perfect  steel  lines 
for  street  railway  traffic  is  to  adopt  the  four-wheeled  truck  system, 
eight  wheels  under  each  car,  the  motor  to  be  attached  to  the  two 
axles  nearest  the  center  of  the  car.  By  this  means,  the  forward 
wheels,  being  idlers,  will  carry  forward  the  minute  wave  of  de- 
pression to  te  further  depressed  by  the  driving  wheel  carrying  the 
greatest  weight.     This  will  tend  to  preserve  tne  perfect  line. 

In  view  of  the  numerous  references  at  hand,  one  can  not  ques- 

1.  Proceedings  11th  Annual  Convention  of  the  American  Street  Railway 
Association,  Cleveland,  1892. 
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tion  the  fact  that  recent  practices  have  made  it  possible  to  obviate 
two  details  of  track  construction  that  have  hitherto  been  consid- 
ered insurmountable  in  rendering  rails  electrically  continuous, 
namely,  extreme  rigidity  at  rail  joints  and  perfect  control  of  the 


Fig.  4. 

longitudinal  expansion  of  rails.  The  art  of  street  railway  build- 
ing liaving  advanced  sufficiently  to  enable  the  construction  of  me- 
chanically perfect  rail  joints,  the  problem  of  using  the  rails  exclu- 
sively for  the  return  circuit  may  now  be  attacked  without  fear  of 
failure  from  the  difficulties  attending  either  bonding  or  corro- 
sive electrolysis.  To  comprehend  the  importance  of  the  return 
circuit  problem,  it  is  instructive  to  carry  out  a  line  of  reasoning 
that  has  appeared  in  a  communication  published  in  the  Street 
Railway  Review,  *'  In  steel  rails  "  the  article  states,  "  it  is  usual 
"  to  say  that  every  10  lbs.  weight  per  yard  means  one  square  in. 
*'  of  cross-section.  Four  rails  of  70  lbs,  per  yard  =  28  square 
"  inches  in  section  =  a  steel  bar  4  in.  x  7  in.  =  a  copper  bar  1 
"  in.  X  6  in." 

The  conductivity  of  a  copper  bar  having  an  area  of  5  square 
inches  is  equal  to  that  of  38  No.  000  B.  ife  S.  wires.  If,  therefore, 
the  four  70-lb.  rails  of  a  double-track  system  were  electrically 
continuous  and  carried  current  at  a  density  equivalent  to  1000 


Fig.  6. 


amperes  per  square  inch  of  copper,  they  would  carry  5000  am- 
peres a  distance  of  one  mile  with  a  Iops  of  but  88  volts,  or  less 
than  16  per  cent,  if  the  initial  e.m.f.  is  600  volt?,  or  16  per  cent 
if  it  is  550  volts,  or  17.6  percent,  if  it  is  500  volts.  This  is  a  loss  in 
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potential  of  less  than  1.8  volts  or  -A/^  of  one  per  cent,  per  100  am- 
peres per  mile.  The  attainment  or  these  results  by  the  electric 
railways  of  the  country  would  mean  an  annual  saving  of  many 
thousands  of  dollars. 

The  communication  referred  to  concludes  by  defining  the  fol- 
lowing conditions  as  affording  the  best  return  circuit. 

"  1.  Intrinsic  resistance  low  enough  to  need  no  help  from  the 
^'  earth. 

"  2.  Utilization  of  rails  as  return  conductors. 

"  3.  Eail  bonds  of  heaviest  practicable  size. 

"  4.  Eail  bonds  of  shortest  possible  length. 

"5.  Rail  bonds  protected  against  corrosion. 

"  6.  An  underground  main  or  trunk  return  from  the  power- 
^*  house  to  the  track,  and  there  connected  with  each  line  of  rails, 
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^  and  low  enough  resistance  to  carry  the  maximum  current  with 
^*  but  sliji;ht  drop  in  potential." 

It  will  be  conceded  that  these  conditions  are  thoroughly  com- 
prehensive and  that  their  correctness  is  more  apparent  than  is  a 
means  for  their  accomplishment,  but  to  Mr.  Frederick  T.  New- 
berry, a  well  known  civil  engineer  of  the  Pacific  Coast  is  due  the 
credit  of  devising  a  method  of  bonding  that  so  completely  satis- 
fies every  possible  condition  in  a  thoroughly  practical  way,  that 
only  in  extraordinarily  large  systems  will  the  trunk  return  be 
necessary.  This  method  is  termed  "  direct  bonding,"  and  in  it  the 
bond  consists  of  merely  a  copper  dowel  that  is  shrunken-fit  into 
holes  drilled  into  the  abutting  rail  ends.  The  bond  is  formed  by 
reaming  out  holes  in  the  ends  of  the  rails  to  be  coupled  one  in 
the  head  and  one  or  more  in  the  bottom  fiange,  as  shown  in  Figs. 
4  and  5.     For  a  70-pound  rail  the  preferred  diameter  of  the  holes 
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18  -^^  in.  These  holes  are  to  be  bored  just  before  j^laeing  the  rail^ 
which  is  then  heated  by  a  gasoline  torch,  and  a  round  bolt  or 
dowel  of  pure  soft  copper,  two  inches  long  and  slightly  larger 
than  -^  in.  in  diameter  is  driven  into  one  rail.  Then  the  abutting 
rail  is  forced  upon  the  other  end  of  the  dowel,  the  faces  of  the 
rails  being  brought  as  closely  together  as  possible.  The  fish-plate& 
are  then  placed  and  double-bolted,  riveted  or  welded  together. 
The  carrying  capacity  of  these  two  dowels  would  be  equal  to 
one-half  that  of  the  rail,  or  equal  to  a  bar  of  copper  \  in.  wide 
by  \\  in.  thick,  which  is  amply  sufficient  to  carry  the  return  cur- 
rent of  any  road  now  in  operation  in  this  country.  If  it  were 
found  advisable  to  double  tnis  capacity,  it  would  be  done  with 
three  dowels,  one  of  \  in.  in  diameter  in  the  head,  and  two  of  f 
in.  in  diameter  in  the  bottom  flange.  The  junction  of  the  copper 
and  steel  in  the  interior  of  the  rail  is  electrically  perfect,  and  re- 
mains so  as  long  as  the  rail  continues  in  place.  When  the  work 
is  well  done,  no  particle  of  copper  will  be  exposed  to  any  action 
from  air,  water  or  other  agencies,  and  being  completely  enveloped 
in  the  rail  will  be  perfectly  protected  from  fracture  or  harm  of 
any  kind. 

The  connecting  surface  of  this  bond  is  seven  times  its  area,, 
thereby  affording  the  rail  a  carrying  capacity  at  the  point  of 
bonding  equal  to  that  of  the  bond  itself,  and  with  rails  30  feet 
long,  352  joints  per  mile,  70  pounds  of  copper  will  be  consumed 
in  bonding  a  single-track  mile.  Experience  proves  that  no  great 
heating  oi  the  rail  is  required  to  effect  an  immovable  grip  on  the 
copper  dowel,  which  is  polished  and  placed  in  the  freshly  bored 
hole  in  the  rail  end  that  has  been  heated  at  so  low  a  temperature 
that  there  is  not  the  slightest  oxidation.  Additional  rigidity  la 
secured  by  rendering  the  dowel  ends  slightly  conical,  so  that  they 
are  upset  in  being  driven  home.  A  sectional  view  of  the  dowel 
bond  is  shown  in  Fig.  6,  consisting  of  two  cubes  of  steely 
each  li  in.  on  the  side,  into  which  a  |  in.  copper  dowel  has  been 
shrnnken-fit.  It  does  not  appear  that  a  more  perfect  union  could 
have  been  made  even  by  welding.  According  to  Crosby  and 
Bell,  the  cost  of  single  No.  0  bonding  is  $600  per  mile,  viz.,  $400* 
for  material  and  $200  for  labor  per  mile  of  single  track.  The 
cost  per  mile  for  boring  and  setting  direct  bonding  having  a  car- 
rying capacity  of  600  amperes  is  estimated  at  $150.  Adding  a 
royalty  of  50  cents  per  joint,  makes  a  total  cost  of  $326  per  mile 
of  single  track,  while  with  \\  in.  dowels  having  a  carrying  capa- 
city 01  800  amperes,  the  total  cost  is  estimated  to  be  $4^0  per 
mile.  Among  the  advantages  of  direct  bonding  will  be  enumer- 
ated: 

Isti  The  practical  elimination  of  the  factor  of  length  in  bond 
wires. 

2d.  The  upe  of  bonds  of  maximum  cross-section. 

3d.  Most  perfect  means  available  for  effecting  electrical  con- 
tact between  bonds  and  rails,  hence 
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4th.  Highest  poMible  oondnctivity  iu  bonding,  and 

5tb.  AMoInte  permanence. 

6tb.  Perfect  protection  against  water,  acids,  alkalies,  gas,  at- 
moepberie  or  other  corrosive  influences. 

7th.  Minimum  consumption  of  copper  in  bond  wires  (approxi- 
mately 70  lbs.  per  mile  at  15  cents  per  lb.,  $10.50). 

8th.  Carrying  capacity  limited  only  by  that  of  the  rail. 

9th.  No  cross  track  bonding. 

10th.  No  supplementary  bonding. 

11th.  No  rivets,  solder,  paint,  screws,  bolts^'or  channel  pins. 

12th.  No  electrolysis. 

13th.  Practical  equivalent  of  welded  rails  from  almost  every 
standpoint. 

14tn.  Easily  attached  to  finished  systems  at  a 

15th.  Cost  not  exceeding  that  of  present  methods  of  bonding, 
and  at  a 

16th.  Cost  far  less  than  that  of  welded  rails. 

A  marked  peculiarity  in  the  operation  of  electric  roads  consists 
in  the  fact  that  for  the  same  results  in  foot-pounds,  electric  roads 
require  more  than  twice  the  boiler  and  engine  duty  that  is  neces-  • 
sary  on  steam  roads.  A  brochure  recently  issued  by  a  leading 
electric  company  states  that  although  a  ton  weight  may  be  movea 
on  steam  roads  by  an  expenditure  of  force  equal  to  a  pull  of  eight 
pounds,  which  is  the  usual  estimate,  yet  electric  roads  require  for 
the  same  duty  a  steam  and  electric  plant  capable  of  exacting  an 
effort  of  30  pounds,  this  despite  the  fact  that  the  line  of  track  of 
a  well-built  electric  road  is  lar  superior  to  that  of  steam  roads  in 
the  true,  even  and  immobile  character  of  the  rail  surface.  A 
perfect  system  of  rail-bonding  will  effect  an  increase  in  efficiency 
of  an  electric  road  by  various  degrees  of  from  5  per  cent,  to  20 
per  cent.,  and  the  writer  knows  of  at  least  one  instance  wherein 
perfect  bonding  would  increase  the  efficiency  of  that  particular 
system  by  not  less  than  25  per  cent.  It  must  be  conceded,  there- 
fore, that  a  very  material  part  of  this  extraordinary  loss  will  be 
obviated  by  perfect  rail-bonding. 

A  prevailing  practice  that  might  in  generosity  be  termed  an 
inconsistency,  is  that  of  bonding  a  wire  to  the  web  of  a  rail  and 
then  rating  the  carrying  capacity  of  the  bond  as  that  of  the  wire. 
This  fact  suggests  a  criticism.  A  No.  0  B.  &  S.  wire,  for  instance, 
has  a  circumference  of  1.021  in.,  while  the  web  of  a  rail  is  gener- 
ally .375  in.  in  thickness.  This  multiplied  b^r  1.021  and  divided 
by  5.63,  gives  the  carrying  capacity  of  the  rail  surface  exposed  to 
the  bond  wire  as  the  equivalent  of  a  copper  wire  having  an  area 
of  .068  square  inches,  or  about  82  per  cent,  of  the  conductivity 
of  the  No.  0  bond.  Under  these  generally  prevailing  conditions* 
the  carrying  capacity  of  such  bonding  is  overestimated  by  about 
20  per  cent.  To  enable  the  copper  bond  to  take  a  volume  of 
current  up  to  its  full  capacity,  its  surface  contact  with  the  rail 
must  be  roughly  six  times  the  area  of  the  wire.     It  is  obvious 
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therefore,  ttiat  the  web  of  the  rail  is  not  the  proper  place  to  at- 
tach bond  wires. 

To  illustrate :  the  St/reet  Railway  Journal  for  Jaimary,  1894, 
contains  this  statement  regarding  the  bonding  of  rails  on  the 
lines  of  the  Electric  Traction  Company  of  Philadelphia: 

"A  bare  copper  No.  00  wire  is  nsed  for  electrically  connecting 
^'the  rails.  This  is  laced  in  and  out  of  the  adjoining  ends  out- 
^^side  of  the  angle  bars  (fish-plates)  three  times,  so  that  the  carry- 
^'  ing  capacity  of  the  bonds  at  each  joint  is  three  times  that  of  a 
^^  single  No.  00  wire,  and  is  equal  to  that  of  a  90-pound  girder 
**  railof  the  Pennsylvania  Steel  Company." 

The  fact  is  then,  that  the  rails  are  triple  lace  bonded  through 
the  web  with  No.  00  wire.  The  bond  wires  alone,  have  a  carry- 
ing capacity  of  652  amperes  at  122*^  F.,  but  as  they  (being  laced) 
make  contact  with  the  rails  only  by  means  of  two  holes  in  the 
web,  the  actual  surface  of  steel  exposed  to  the  copper  wire  is  but 
.859  square  inches,  whereas  it  should  be  at  least  1.765  square 
inches  to  obtain  the  full  carrying  capacity  of  the  three  No.  00 
wires  used.  From  this  it  is  evident  that  the  bond  will  carry  but 
one-half  the  current  claimed,  but  after  theory  and  practice  have 
compromised  the  case,  it  may  be  found  that  the  duty  actually 
performed  will  approach  the  designed  duty  to  within  20  per  cent, 
or  25  per  cent.  This  will  reduce  the  advisable  carrying  capacity 
of  the  rail  bond  to  less  than  500  amperes.  Again  the  statement 
quoted,  claims  that  the  carrying  capacity  of  the  bonding  is  equal 
to  that  of  a  90-pound  rail.  The  carrying  capacity  of  a  90-pound 
rail  is  approximately  1500  amperes,  against  which  500  ampere 
bonding  appears  small,  particularly  in  a  system  proposing  to  con- 
sume 10,000  horse-power.  As  scores  of  smaller  enterprises 
anxiously  await  the  lead  of  the  great  companies  and  follow  im- 
plicitly in  the  same  path,  too  much  caution  in  publishing  such 
statements  as  that  anoted  can  not  be  exercised. 

In  conclusion,  tne  art  of  rail-bonding  now  appears  to  have 
been  perfected,  and  the  damage  that  has  been  caused  by  corro- 
sive electrolysis  may  be  attributed  to  defective  bonding,  for  with- 
out doubt,  proper  main-to-track,  rail-to-rail,  and  track-to-dynarao 
bonding  will  cure  the  ill  almost  without  exception.  Should  the 
street  railway  companies  delay  in  correcting  the  evil  it  is  prob- 
able that  municipal  autliorities  will  take  action  for  the  protection 
of  citizens  in  their  vested  interests,  in  which  event  the  condi- 
tions now  existing  may  be  further  and  seriously  complicated  by 
ill-advised  municipal  exactions.  The  problem  of  eliminating 
electrolytic  corrosion  is,  in  brief,  simply  one  of  judicious  bonding. 

i5an  Francisco.  Oct  12,  1894. 
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Fbanz  Sohulzb-Bbbge,  Ph.  D.,  [Associate  Member^  Februra/ry 
'7th,  1890,  Member,  April  2U<,  1891,]  was  born  January  2d,  1866, 
in  Ober-Ca88el,  Germany.  After  i^dnating  from  the  Gymnasium 
-at  Bonn,  he  studied  mathematics  and  physics  in  the  universities  of 
Heidelberg,  and  Strasburg,  and  then  worked,  principally  under 
the  guidance  of  Professor  Helmholtz  in  Berlin.  In  1880  he  took 
the  degree  of  Ph.D.  in  Berlin,  for  which  degree  Professors 
Kerchoff  and  Helmholtz  were  his  principal  examiners.  Under  the 
guidance  of  Professor  Helmholtz,  Dr.  Schulze-Berge  conducted, 
after  methods  of  his  own,  experimental  researches  concerning  the 
contact  potential  difference  between  metals  and  gas^s.  The  theme 
of  his  dissertation  was  of  especial  importance  scientifically,  since 
in  physical  investigations  this  potential  difference  is  nearly  always 
present  as  a  disturbing  element,  as  all  metals  are,  generally  speak- 
ing, in  contact  with  gases. 

His  investigations  involved  the  greatest  nicety  of  manipulation 
and  his  methods  evinced  great  originality.  It  was  for  his  thesis 
on  this  investigation  that  he  received  his  degree  of  Doctor  of 
Philosophy. 

Almost  simultaneously  with  his  work,  the  results  of  a  similar 
investigation  by  another  party  were  published,  which  disagreed 
with  those  obtained  by  Schulze-Berge.  The  latter  at  once  pre- 
pared another  paper  in  which  he  proved  the  correctness  of  his 
own  conclasions  and  the  error  of  those  reached  by  the  other  author. 

After  graduating  in  1880  he  passed  an  examination  for  Ober- 
Lehrer  and  occupied  this  position  at  the  Louisenstaedtisches 
Gymnasium  at  Berlin,  and  that  of  Gymnasial-Lehreratthe  Gym- 
nasium at  Charlottenburg. 

He  also,  during  this  period  became  a  member  of  the  '^  Berliner 
Physikalische  Gesellschaf t "  and  as  such  had  charge  of  the  official 
vannual  reports  on  different  branches  of  electrical  science,  which 
were  published  in  the  FortachritU  der  Physik  edited  by  the 
•society,  and  at  the  same  time  continued  electrical  work  in  the 
laboratory  of  Professor  Helmholtz.  It  was  at  this  time  that  he 
was  a  co-worker  with  the  late  lamented  Heinrich  Hertz.  He 
next  turned  his  attention  to  the  investigation  of  the  electric  con- 
ductivity of  so-called  non-conductors  in  very  thin  films  (of  -^oiB, 
millimeter  or  less).  The  results  of  these  investigations  and  others 
are  published  in  WeidmanrCa  An/ndlen,  vols.  xii.  and  xv.  and  in  the 
Sitztmgaherichte  der  Berlin  PhydkaUechen  OeseeUch/ift,  1880. 
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In  1887  Dr.  Schalze-Berge  came  to  this  country  and  became 
aflsistantto  Mr.  Tbos.  A.  Edison.  Perhaps  the  most  notable  of 
his  work  with  Edison  was  the  solution  of  the  problem  of  dupli- 
cating phonographic  records  which  was  intrusted  to  his  care. 
The  method  employed  of  producing  a  conducting  film  upon  the 
wax  cylinder,  of  such  a  character  as  not  to  sensibly  obscure  or  mod- 
ify the  finest  harmonics,  was'the  result  of  long  study  and  experi- 
ment and  evinced  the  originality  of  the  man.  It  was  an  entire 
success. 

Leaving  the  employ  of  Mr.  Edison,  *he  retired  to  Brooklyn, 
where  for  the  past  year  or  two  of  his  life  he  was  engaged  in  his 
own  private  laboratory  in  physical  investigations  of  various  kinds, 
the  results  of  some  of  which  will  doubtless  soon  be  published. 
One  of  the  results  of  his  recent  work  has  been  a  rotary  mercury 
vacuum  pump,  an  earlier  form  of  which  he  described  in  a  paper 
before  the  Internationa]  Electrical  Congress  at  Chicago  in  1893. 
This  has  been  still  further  improved  upon,  and  adapted  to  the 
exhaustion  of  lamps,  but  the  new  form  has  not  yet  been  described. 

Dr.  Schulze-Berge  had  long  been  su  fleering  from  an  organic 
disease,  the  exact  nature  of  which  was  not.  known  until  after  his 
death.  He  died  suddenly  in  Brooklyn  on  March  21,  1894,  of 
diffuse  nephritis,  in  the  39th  year  of  his  age. 

Personally  he  was  of  a  very  retiring  disposition  and  a  man  of 
such  extreme  modesty,  that  his  nature  recoiled  from  notoriety  of 
any  kind.  For  this  reason  he  was  less  widely  known  than  he 
was  entitled  to  be  through  his  natural  gifts  and  his  contributiona 
to  science.  He  rarely  contributed  to  the  technical  press  except 
to  give  the  results  of  some  important  investigation.  He  broke 
away  from  this  rule  which  he  had  made  for  himself,  however, 
shortly  before  his  death,  the  occasion  being  the  contribution  to- 
one  of  the  electrical  journals  of  a  biographical  sketch  of  his  friend 
Heinrich  Hertz.     This  was  his  last  appearance  in  print. 

Though  he  did  not  count  a  very  wide  circle  of  personal  friends^ 
his  manner  was  so  kind,  so  gentle,  and  so  evidently  sincere,  that 
none  came  within  his  influence  but  to  love  him,  to  admire  him^ 
to  respect  him,  both  as  a  man  and  a  scientist. 


Alexander  Henky  Baueb,  [^Associate  Memher^  February  *lth^ 
1890,  Member^  April  2l8t,  1891,]  who  since  1882  has  been  act- 
ively engaged  in  practical  secondary  battery  applications  for  light 
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ftad  power  piirpoBcs,  died  in  New  York  City,  January  15th,  1895, 
of  Bright'B  disease.  He  passed  away  quietly  and  suddenly,  while 
apparently  in  full  possession  of  his  reasoning  faculties.  Mr. 
Bauer  who  was  horn  in  Baltimore,  August  9th,  1846,  had  spent 
his  working  life  in  electrical  pursuits,  due  possibly  to  hereditary 
traits,  his  father,  William  Henry  Bauer,  having  been  in  service 
on  the  original  Baltimore  and  Washington  line  of  Prof.  Morse,  and 
was  also  a  friend  and  admirer  of  Prof.  Henry.  "  Aleck,"  as  he 
was  familiarly  called  by  his  many  old-time  friends,  entered  the 
service  of  the  Baltimore  and  Ohio  Railroad  Company  in  1859,  as 
a  messenger  boy.  In  that  capacity  he  learned  telegraphy,  and 
at  the  beginning  of  the  civil  war,  was  sufficiently  advanced  to 
be  assigned  to  regular  duty  at  the  Annapolis  Junction  office. 
Up  to  the  year  1864  he  was  actively  engaged  as  a  telegraph 
operator,  in  the  government  as  well  as  railroad  employ,  in  various 
West  Virginia  offices,  and  afterwards  entered  the  service  of  the 
United  States  Telegraph  Company  at  Philadelphia.  He  subse- 
quently returned  to  Baltimore,  where  he  was  employed  by  the 
Bankers  and  Brokers  Telegraph  Company,  and  latterly  by  the 
Western  Union,  where  he  was  appointed  manager  of  the  Com- 
mercial News  Department,  which  included  the  "ticker"  service. 
Upon  the  completion  of  the  lines  of  the  Mutual  Union  Telegraph 
Company,  he  was  appointed  manager  of  the  Baltimore  office,  but 
after  the  amalgamation  of  that  company  with  the  Western  Union, 
he  gave  up  telegraphy  which,  in  his  opinion,  no  longer  offered  a 
field  for  advancement. 

The  importation  from  Europe  of  60  cells  of  the  Faure  secon- 
dary battery  in  1882,  offered  him  an  opportunity  to  enter  upon 
what  proved  to  be  his  future  branch  in  the  rapidly  growing  field 
of  electric  lighting.  In  a  paper  on  "Secondary  Batteries  for 
light  and  Power,"  before  the  Institute^,  presented  May  16th, 
1886,  Mr.  Bauer  gave  a  very  interesting  history  of  three  years 
practical  experience,  based  upon  the  introduction  of  the  Faure 
battery  in  electric  lighting,  street  railway  and  telegraph  service. 
This  paper  was  of  especial  value  at  the  date  when  it  was  written, 
as  very  little  information  upon  the  subject  treated,  was  accessible. 
He  continued  in  this  line  of  work  with  the  Electric  Storage 
Company,  of  Baltimore,  and  the  Electrical  Accumulator  Com- 
pany, of  New  York,  until  1888,  during  which  period  he  became 
more  generally  known  in  the  rapidly  growing  ranks  of  the  elec- 

1.  Transactions,  vol.  iii,  p.  1^. 
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trical  fraternity.  The  introduction  of  the  secondary  battery  for 
the  lighting  of  railroad  trains  led  to  his  appointment,  on  February 
18th,  1888,  as  electrical  engineer  of  the  Pullman  Palace  Car 
Company,  a  position  which  he  held  at  the  time  of  his  death.  At 
the  Chicago  meeting  of  the  Institute,  June  6th,  7th  and  8th, 
1892,  Mr.  Bauer  read  a  paper*  on  "Railway  Train  Lighting,"  con- 
taining a  description  of  the  system  used  in  the  Pullman  service, 
together  with  valuable  data  as  to  the  cost  of  lighting,  made  up 
from  actual  records.  These  two  papers  by  Mr.  Bauer  are  char- 
acteristic of  the  man,  and  showed  how  thoroughly  he  had  mastered 
all  the  details  of  the  actual  merits  of  the  secondary  battery  for 
the  service  with  which  he  had  been  most  prominently  identified. 
In  thus  giving  to  the  public  through  the  iNSTrruTE,  the  benefit 
of  his  investigations  extending  over  a  decade,  Mr.  Bauer  per- 
formed a  service  which  is  no  doubt  appreciated  by  all  whose 
duties  have  led  them  in  similar  directions.  He  also  made  many 
improvements  in  train  lighting,  some  of  which  were  patented. 
Recently  his  headquarters  were  at  Jersey  City,  where  he  was 
enabled  to  personally  supervise  the  apparatus  on  such  through 
trains  to  the  south  and  west  as  were  provided  with  electric 
lighting  plants.  Mr.  Bauer  had  a  wide  circle  of  friends  who 
were  warmly  attached  to  him,  all  of  whom  were  deeply 
shocked  by  his  death,  not  being  aware  of  the  fatal  character  of 
his  illness.  He  leaves  a  widow  and  one  son,  William  F.  Bauer, 
who  following  the  example  of  his  father  and  grandfather,  is  also 
engaged  in  electrical  pursuits,  and  who  was  elected  an  associate 
member  of  the  Institute,  April  15th,  1890. 


Rudolf  Eickkmbtsr,  [^Associate  Member^  September  20^A, 
J  893,  Memher^  April  18^A,  1894,]  was  bom  in  Altenburg,  Palar 
-tinate,  Bavaria,  October  18th,  1831,  and  was  educated  at  the 
Polytechnic  Institute,  Darmstadt,  Hesse.  In  1850  he  came  to 
the  United  States  and  was  first  employed  on  the  Erie  Railway, 
and  shortly  after  in  the  Buffalo  Steam  Engine  Works.  On  the 
first  of  September,  1854,  he  established  himself  in  business  at 
Yonkers,  N.  Y.,  first  as  a  repairer  of  tools,  and  subsequently  as 
an  inventor  and  manufacturer  of  hat  machinery.  Mr.  George 
Osterheld,  who  came  from  Europe  with  him,  was  his  partner  in 
this  business.     Before  interesting  himself  in  electrical  work  in 

1.  Transactions,  vol.  ix,  p.  445. 
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1878,  he  had  taken  out  about  150  patents.  He  continued  his 
electrical  experimenting  and  investigating,  at  first  in  the  line  of 
telephony,  and  in  1882  invented  the  type  of  dynamo  which  has 
*  since  been  known  by  his  name.  He  began  its  manufacture  for 
commercial  use  in  1886. 

Owing  to  its  compact  form  and  high  efficiency,  this  ironclad 
dynamo  has  been  found  especially  adapted  for  railway  train 
lighting.  The  motor  proved  equally  desirable  for  street  railway 
work,  and  its  plan  of  winding  was  used  in  the  Edison  system. 
Mr.  Eickemeyer  devoted  his  attention  especially  to  the  mag- 
netic qualities  of  his  dynamos,  and  in  the  course  of  his  investi- 
gations in  1887,  he  devised  the  differential  magnetometer  which 
proved  of  great  service  in  determining  the  relative  merits  of 
different  kinds  of  iron.  Working  alone  as  he  did,  and  deriving 
his  electrical  knowledge  from  books,  he  naturally  felt  somewhat 
diffident  as  to  the  merits  of  his  inventions.  It  was  not  until  he 
had  been  assured  by  Mr.  Stephen  D.  Field,  that  his  electrical 
machinery  was  of  a  superior  quality,  that  he  decided  to  place  it 
on  the  market.  Even  as  late  as  1893,  when  his  inventions  were 
well-known  and  appreciated,  he  was  loth  to  admit  that  his  work 
was  worthy  of  consideration.  ^'  I  am  only  a  maker  of  hat  ma- 
chineiy  "  were  the  words  he  used  when  asked  about  his  electrical 
career.  In  the  city  of  Yonkers,  where  he  had  built  up  a  pros- 
perous business,  and  among  his  friends  who  knew  him  best,  his 
public  spirit  and  genuine  worth  were  highly  respected  and  ap- 
preciated. Mr.  Eickemeyer  died  at  Washington,  D.  C,  on 
January  23rd,  1895. 
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Dyer,  R.  N. 
Edison,  Thomas  A. 
Egger,  Ernst 


Patent  Attorney,  36  Wall   St..  New  j  A  July   12,  1887 
York  City. '  \  M  Sept.    6,  1887 

Mechanician  and  Inventor,  Orange,  j  A  April  15,  1884 
N.  J.  J  M  Oct.    21,  1884 

Electrical  Engineer  care  of  B.  Egger  (  .  ,,  .      ^,    .^^^ 
Emery,  Charles  Edward  Consulting  Engineer,  915  Bennett 


Consulting  Engineer,  915  Bennett  (at         oa     a 
Building,  cor:  Fulton  and  Nassau  -^fi  -1""^  ,     ^^i 
Sts..  New  York  City.  ( ^  ^P"'  ^9.  1892 


Emmet.  W.  L.  R. 
EusTis,  Herbert  H, 


Electrical  Engineer,  Genej^I  Electric  j  A  J 
Co.,  Schenectady.  N.  Y.  J  M  J 

President  and  Electrician,  Eastern 
.  Electric  Cable  Co.,  61  Hampshire 
St.,  Boston,  Mass. 


une  6,  1893 
an.  17,  1894 

J  A  April  15,  1890 
1 M  Nov.  24,  1891 


ai4 


MBMBBBB 


Name. 
Everest,  Augustinb  R. 

Faenham,  Isaiah  H. 

Fessenden»  Reginald  A. 

Field.  C.  J..  M.  E, 

Field,  Stephen  D. 
FiTZMAURiCE,  James  S. 

Fleming,  Wilfrid  H. 
Foster,  Horatio  A. 

Freeman,  Dr.  Frank  L. 

Gale,  Horace  B. 

Geyer,  Dr.  Wm.  E. 
GtFFORD,  Clarence  E. 

GltAY,  Dr.  Elisha 
GtEENE,  S.  Dana 
Griscom,  Wm.  W..  M.A. 

Gutmann,  Ludwig 

Hall,  Clayton  C. 
Hall,  John  L. 


Pate  of  Kembenhip. 


Electrical  Ensinecr,  Thomson  Elec-  (  A 
trie  Welding  Co.,  Lynn,  Mass.       \  M 


May   19, 

Dec.  90, 


Electrical  Engineer,  N.  E.  Tele- 
phone &  Telegraph  Co.,  125  Milk 
St.,  Boston,  Mass. 


i« 


June    8, 
MJuly   12, 


Professor  of  Electrical  Engineering;:, 
Western  University  of  Pennsyl 
vanta,  Allegheny,  Pa. 


'^i 


A  Oct.    21. 
M  Dec.  16, 


Consulting  and  Constructing  En-  (  .    |-  ^ 

gineer,  Hayemeyer  Building.  26-^  w^"f     ,' 
Cortlandt  St.,  New  York  City.       (  ^  Nov.    i. 

Klectrical    Engineer,    Stockbridge,  j  A  April  15, 
Mass.  {  M  Oct.  21, 


Chief  Engineer,  The  Electric  Light 
Branch,  210  George  St ,  Sydney, 
N.  S.  W. 

70  W.  3d  St.,  Bayonne  City,  N.  J, 


•j« 


Sept.  20, 
Mar.  21, 


I A  Dec. 
I M  Jan. 


Electrical  Engineer,  Yj^xXxxs^  Electric  f 
Power,   36    Cortlandt    St.;    reai-J  A  June     8, 
dence,  569  Park  Ave.,  New  York  |  M  Sept.   6, 

City.  L 


•1- 


May 

Sept. 


Attomey-at-Law.  Solicitor  of  Pat- 
ents, Electrical  Expert,  931 
Washington,  D.  C. 

Consulting  Electrical  and  Mechan- 
ical Engineer,  40  California  St., 
San  Francisco,  Cal. 

Stevens   Institute  of    Technology,  (  A  June 


A  Nov.  15, 
M  May  16, 


Hoboken.  N.  J. 


Sept. 


Electrical    Engineer,   Supt.  James-  i  a  jui       ta 
town  Electric   Light  and    Power -^{t^*?    :?• 


Ligni 
i,N. 


j  M  Feb.  21, 


Co.,  Jamestown, 

Electrician  and  Inventor,  Highland  j  A  Feb.    16, 
Park,  Hi.  ^M  May   17. 

Assistant  General  Manager,  General  j  A  Sept.  20, 
Electric  Co.,  Scheae<^ady,  N.  Y.  ;j  M  April  18, 


Electrical  Engineer,  224  Chestnut  (  ^  j^ 
St.,  Philadelphia;  residence,  ^  w  iL 
Kavcrford,  Pa,  (  **  ^ 


une    5, 
Mar.  18, 


Electrical  Engineer,  care  of  Street 
Railway  Review,  269  Dearborn 
St.,  Chicago,  111. 


1- 


Sept.  14, 
Mar.  21, 


Civil    Engineer,    810    Park    Ave.,  j  A  April  15, 


Baltimore,  Md. 

Manager,  Western  Union  Telegraph 
Co.,  300  Market  St.,  Wilmington, 
Del. 


•IM 


Oct.   21. 

Sept.  22, 
Dec.  20, 


891 

893 

887 
887 


890 
890 


M7 
887 

884 
884 

893 

894 


887 
888 


887 
887 


889 
689 

89» 

893 

88S 
888 

893 

892 
892 

893 
894 

888 

890 

888 
893 

884 

884 

891 
893 


niTtMntmfi 


885 


Mam. 
Hamblst,  James 


Hamilton,  Geo.  A. 


Hammer,  William  J. 


Haskins,  Caryl  D. 


IIaskins.  Charles  H. 


1, 1887 
6,  1887 


AddMM.  Dote  of  Membenhip. 

( Vue-President,)      Manager    Time  f 
Service,    W.    U.   Tel.   Co..    195  I   .   ^ 
Broadway.  P.  O.  Box  856,  New-^  ^  ^7' 
York  City ;  residence.  20  Sidney  I  ~  ^^• 
Place,  Brooklyn.  N.  Y.  \ 

Electrician.  Western  Electric  Co..  f 
22   Thames,  cor.  Greenwich  St..  f  A  April  15.  1884 
New  York;  residence.  532  Morris  [  M  Oct.   31,  T884 
Ave.,  Elizabeth.  N.  J.  1^ 

{Manager.)    Consulting  and  Super- 
vising Electrical  Engineer.  1305 
Havemeyer  Building,  26  Cortlandt  * 
St.,  New  York  City;    residence, 
Ehnora.  N.  J. 

Electrical  Engineer.  General  Electric 
Co..  620  Atlantic  Ave..  Boston, 
Mass. 

Electrician.  The  Marie  Antoinette. 
66th  St.  and  Bouleyard.  New 
York  City. 


A  June    8.  -1887 
M  July  12,  1887 


»|m 

1 


Mar,  1 8,  1890 
June  20.  T894 


I  A  April  15,  1884 
M  Oct.    21,  1884 


Haskins.  Clark  Caryl    City  Electric  Light  Inspector.  582  (  A  Sept.  20,  1893 
West  Congress  St.,  Chicago,  lU.   \  M  Mar.  21,  T894 


Hasson,  W.  F.  C. 


Hayes,  Hammond  V. 


Hayes,  Harry  E. 


Haynes.  F.  T.  J. 


Heinrich.  Richard  O. 


Hering.  Carl 


Hering.  Hermann  S. 


Herrick,  Charles  H. 


Firm  of  Hasson  &  Hunt,  Consulting 
and  Supervising  Mechanical  and 
Electrical  Engineers,  310  Pine  St.. 
Telephone  5650,  San  Francisco. 
Cal. 

Electrician.    American    Bell    Tele- 
phone Co..   42    Earns  worth   St, 
So.  Boston   Mass. 


A  Mar.  18,  1890 
M  May  15,  1894 


•1- 


Nov.  12.  1889 
Mar.  18.  1890 


Asst.  Electrician,  American  Tele- 
graph and  Telephone  Co.,  153 
Cedar  St.,  New  York  City. 

Divisional     Telegraph     Engineer,  f 
Great    Western    Railway,    Resi- )  A  Dec. 
dence.    Belmont    Villa.   Cheddon  |  M  Jan. 
Road,  Taunton,  Eng.  |^ 

Electrical  Engineer.  Weston  Elec-  (  *  ^-v^ 
trical  Instrument  Co.,  114  William  \  V,  X^' 
St.,  Newark.  N.  J.  |  M  Oct. 

Consulting  Electrical  Engineer,  927  (A  Jan. 
Chestnut  St.,  Philadelphia.  Pa.     \  M  June 


April  18,  1893 
Dec.  20.  1893 


6,  1886 
3,  1887 


I,  1889 
25.1892 


1888 
z888 


Associate  in  Electrical  Engineer- 
ing, Johns  Hopkins  University, 
Baltimore,  Md. 


•)" 


April  21,  1891 
April  18.  1893 


Consulting  and  Constructing  Elec-  ( 
trical    Engineer,    133  Oliver  St.,  j  A  April  2i,  1891 
Boston;  residence,  132  Highland  {  M  Jan.   17,  1893 
Ave.,  Winchester,  Mass.  \ 

Herzog,  Dr.  F.  Benedict  President,  Herzog  Teleseme  Co.,  j  A  May  24,  1887 
30  Broad  St.,  New  York  City.        {  M  July    12.  1887 


Hewitt.  Charles 


{Manager, j  Assistant  Engineer. 
Philadelphia  Traction  Co.,  920 
Spruce  St.,  Philadelphia,  Pa. 


1- 


Sept.  16,  i8qo 
May  17.  1892 


8M 


MBMBBRS 


Name.  ' 

HiBBARD,  Angus  S. 


HiGGiNs,  Edward  E. 


AddKM.  Dau  oF  If  embenhip. 

^^SS!^-^  T^^:^   ^T^  iA  N<^.  ^.  X8,x 
Washington  St.,  Chicago,  111. 


MJWOJC  C 

*3  1m 


Feb.  i6,  1893 


Hix,  E.  Randolph 


Holmes,  Franklin  S. 


Houston,  Edwin  J. 

[Ufe  Member.] 


HowrlLi  John  W. 
Howrll,  Wilson  S. 

Huntrr,  Rudolph  M. 

Hunting,  Fred  S. 


Expert  in  Street  Railway  Values  (  *  t„„^  «  _ftj»- 
and  Economics.  26  Cortlandt  St..  \  ?,  {"f*  ,^*  JJ?; 
New  York  City.  '  (  M  July    12,1887 

Hix,    Hamilton   &   Co..    Electrical  (  .   y  .  « 

Engineers  and  Contractors,  41  i  li  i-Iu  *t'  VSZ 
WaU  St.,  New  York  City.  (  ^  ^*^-  ^7'  '^5 

Electrical  Engineer,  108  Fulton  St.,  (  *  *^  .,  ^_  ,a^_ 
New  York  City;  residence  445a  ^  t  ^f"^  "*  Jgl 
Macon  St..  Briiklyn.  N.  Y.  (  ^  J'*"*  ^'  '^^ 

i'yI.Z?.     (President,)    Prof,  of   Physics,  [ 

Franklin  Inst..  Firm  of  Houston  f  .  .^  .,  _.^  _•« . 
&  KenncUy,  1105  Betz  Bldg.;  resi--^  ^  ^^  \\  V^^ 
dence.  iScJ^  Spring  Garden  St.,  1  ^  ^-  "'  ^^^^ 
Philadelphia,  Pa.  L 

Electrician,  761  High  St  .  Newark.  }  A  July  12,  1887 
N.  J.  f  M  June    5,  1M8 


889 
890 


Hyde,  Jerome  W. 
Inrig.  Alec  Gavan 
Ives,  Edward  B. 

Jackson,  Dugald  C. 

Jackson,  Francis  E. 

Jackson,  Henry 

Jackson,  J.  P. 


General  Electric  l^mp  Works,  Har-  (  .   <>     . 
rison,  N.J.:  residence.  19  Webster-^  f,  wfj-    5«  ' 
Place.  Orange.  N.J.  |  M  Mar.  i».  i 

j  A  July    13. 
(  M  May  17. 

"  1m 

]  A  June    8,  1887 
i  M  Nov.    I,  1887 


Expert  and  Counsellor  in  Patent  (  . 
Causes,  926  Walnut  St.,  PhiU-^^ 
delphia,  Pa. 

Chief  Engineer,  Fort  Wayne  Elec- 
tric Co..  330  West  Washington 
St.,  Fort  Wayne,  Ind. 


Hutchinson,  Dr,  Cary  T.     Electrical  Engineer,  253  Broad- 
way; residence,  56  West  25th  St, 
New  York  City. 

Springfield,  Mass. 


1886 
1887 


Not.  15,  1892 
May  16,  1893 

Feb.     7.  1890 
Dec.  16,  1890 


Rue  St.  Gommaire.  23.  Antwerp,  j  A  Jan.    19,  1892 
-  ■  "  ]M    - 


Belgium. 


May  17,  1892 


Chief  Engineer,  Electric  Traction  (  .  *^  .,  _ 
Co.  of  Philadelphia,  421  Chestnut  \  w  ^P"'  ,  J* 
St.,  Philadelphia.  Pa  (  ^  ^^^  I5. 


1889 
1894 


Professor  of  Electrical  Engineering, 
University  of  Wisconsin,  Madi- 
son, Wis. 


•j  A  N 
-|MJ 


May     3,  1887 
~une  17,  1890 


Aylsworth  &  Jackson.  Incandescent  f 
Filament     Manufacturers,       128  J  A  Jan.      3,  1888 
Essex  Ave.,  Orange;  residence,  61  [  M  June  17,  1890 
South  Grove  St., East  Orange,N.  J.  L 

Telegraph  Supt.  and  Enjgrineer,  The  f 

Lancashire  &  Yorkshire  Railway  I  A  Mar.  21,  1894 
Co.,  Horwich,  Bolton-le-Moors,  1  M  Dec.  19,1894 
Lancashire,  England.  t 

Professor  of  Electrical  Engineering, 
Penn.  State  College.  Sute  Col- 
lege, Pa. 


JA  S 

|MJ; 


Sept.  27,  1892 
'an.    17,  1894 


MBMBRR8 


887 


Name. 
Jannus,  Frankland 


Jenks,  W.  J. 


Add] 

Attorney- 
tents, 
Washin^fton, 

Patent  DcfMUtment.  General  Elec- 
tric Co.,  4^  Broad  Street,  Box 
3067,  New  York  City. 


Date  of  Membenhip. 


ey-at-Law,  Solicitor  of  Pa-  (  * 
i.  928.30  F.  St..  N.  W.^^ 
binjrton.  D.  C.  (^ 

1« 


Nov.  12,  1889 
Mar.  18,  Z890 


Tune    8,  1887 
Nov.    I,  1887 


Johnston,  A.  Langstapf  Consulting  Engineer,   Hestonville,  ( 

Mantua  and  Fairmount  Passenger  J  A  April  ai,  1891 
R.R.  Co  ,  4300  Lancaster  Ave.,  }  M  April  18,  1894 
Philadelphia,  Pa.  t 


Jones,  Francis  W. 

iUU  Member.l 


Keith,  Dr.  Nathaniel  I 
Kinsman.  Frank  E. 

Knowles,  E.  R. 

Knudson,  a.  a. 
Lanoe,  Philip  A. 

Langton,  John 
Lattig,  J.  W. 

Lawson,  A.  J. 

Lemp,  Hermann,  Jr. 
Leonard,  H.  Ward 

Leonard,  M.  B. 

LiEB,  John  W.,  Jr. 

Lloyd,  Robert  McA. 


Assistant  Gen'l-Manager  and  Elec-  f 
trician.    Postal    Telegraph-Cable  I  A  April  15,  1884 
Co.,   253   Broadway,  New  York  1  M  Oct.   21,  1884 
City.  l- 

;.     Sandycroft  Fotindry,  £.  W.  Co..  t  A  June     6,  1893 
Ha  warden,  near  Chester,  Eng.      \  M  Jan.    17,  1894 

Electrical  Engineer  and  President  f 
Kinsman    Block   Signal  Co.,  143  j  A  Sept  27,  189a 
Liberty  St.,  New  York  City  and  |  M  May  16,  1893 
Plainfield,  N.  J.  [ 


Electrical  Engineer,  The  Schuyler 
Electric  Company,  Middletown, 
Conn. 


""i  A  June 
» 1  M  July 


8,  1887 
la,  1887 


Electrical  Engineer,  106  Fulton  St.»  <  A  Dec.     6,  1887 
New  York  City.  \  M  Jan.     3,  1888 


Superintendent  Westinghouse  Elec- 
tric and  Manufacturing  Co.,  East 
Pittsburg,  Pa. 


j  A  N 
(MJ 


Mar. 
une 


6,  x888 
5,  1888 


A  June    8,  1887 
M  July   la,  1887 


Electrical   Engineer,   Canada   Life  (A  Mar.    6,1888 
Building,  Toronto,  Ont.  (  M  June     5,  1888 

Electrical  Engineer,  Supt.  of  Tele- 
graph  and   Electrical  Apparatus, 
Lehigh   Vallej'   R.   R.   Co..   So.^ 
Bethlehem,    Pa.;    residence,   335 
Broad  St.,  West  Bethlehem,  Pa. 

Electrical    Engineer,    The    County  f 
of  London  and  Brush  Provincial  I  A  Mar.  18,  8910 
Elect! ic   Lighting  Co.,  Ltd.,   49]  M  June  17,  1890 
Queen  Victoria  St.,  I^ndon,  Eng.  ^ 

Electrician,      Thomson      Electric  j  A  April    2,  1889 
Welding  Co.,  Lynn,  Mass.  \  M  Feb.  ai,  1893 


(Vice  President.)  Electrical  Engin- 
eer, 44  Broad   St. ;  residence,  38  • 
West  35th  St.,  New  York  City. 

Electrical  Engineer,  and  Supt.  of  ( 
Telegraph,  Chesapeake  &  Ohio-^ 
R'y.  Co.,  Richmond,  Va.  j 

Electrical  Engineer,  Edison  Elec- 
tric 111.  Co.;  Residence,  166  West 
97th  St.,  New  York  City. 

Electrician,  27  Pine  St. ;  residence, 
I  West  39th  St  ,  New  York  City. 


M 


July    12,  1887 
Sept.    6.  1887 

Nov.    6,  1886 
May     I,  1888 


Sept. 
Nov. 


6,  1887 
I,  1887 


Oct.   ai,  i890< 
Nov.  15,  1893 


MBMBMRB 


Dmecf  Meotbership. 


LocKWOOD.  Thomas  D.^F.  /.  Imst.    Electrical  Eagineer,  and  | 

[Life  Member.]  Advisory  Electrician,  P.O.  Drawer  - 

a.  Boston,  Mass.  I 

LoKKAiN,  Tamis  Grieve    Norfolk  House,  Norfolk  St.,  Lon-  \ 
don,  W.  C,  England.  j 

LovEjOY,  J.  R.  Genenl    Manager,    Supply    Dept.,  ( 

General    Electric    Co.,    Schenec--^ 
tady.  N.  Y.  | 

Macfaelane,  Alexander,  D,  Sc,,  LL.D.  84  Heustis  St.,  ' 
Ithaca,  N.  Y.  ; 

Mailloux,  C.  O.  Consulting     Electrical      Engineer,  ( 

45  William  St..  Telephone  3457 a H 
Cortlandt,  New  York  City.  \ 

Mansfield,  Arthur  New  hall  Assistant  Electrician,  Ameri- 
can Telephone  and  Telegraph  Co.,  • 
153  Cedar  St.,  New  York  City. 

Marks,  Louis  B.,  M.  M.  E,  Engineer-in-Chief,  Marks- Ayer  | 
Electric  Co.,  73  Watte  St.;  resi- 1 
dence,  51  East  67th  St.,  New] 
Yoric  City.  I 

Marks,  William  Dennis,  Pk.B,  C,  £.  Edison  Electric  \ 
Light  Co..  Hbiladelphia.  Pa.  ( 

Marshall,  J.  T.  Metuchen,  K.  J.  j 


April  15, 
Oct.  21, 

May  16. 

May  15, 

April  21, 
Feb.  «i, 

Jan.   19, 
May   17, 

April  15, 
Oct.    21, 

Dec.  20, 
June  20, 


Marvin,  Harry  N. 

Maver,  William,  Jr. 

Mayer,  George  M. 
Maynard,  Geo.  C. 
McCay,  H.  Kent 

McCluer,  C.  E. 

Metcalfe,  George  R. 

Millis,  John 

Mills,  Frank  P. 
Molera,  E.  J. 
ikfooRE,  D.  McFarlan 


Secretary  and  Expert,  Marvin  \ 
Electric  Drill  Co.,  208  South  i 
Geddes  St..  Syracuse,  N.  Y.  | 

Electrical  Expert  and  Consulting  ( 
Electrical  Engineer,  31  Nassau-^ 
St.,  New  York  City.  ( 

Enterprise  Block,  5th  Floor,  79! 
Fifth  Ave.,  Chicago,  111.  j 

Electrical  Engineer,  800  H.  St.,  N.  j 
W.,  Washington,  D.  C.  \ 

Electrical  Engineer  and  Contractor,  \ 
106  E.  German  St.,  Baltimore,  -i 
Md.  { 

Superintendent.  First  District,  So.  ( 
bell  Telephone  and  Telegraph-^ 
Co.,  P.  O.  Box  32.  Richmond,  Va.  | 

Firm  of  Metcalfe  &  Moeller,  Elec- 1 
trical  Engineers,  343  Ninth  Ave. ;  J 
residence,  404  West  22d  St.,  New  | 
York  City.  | 

Captain  of  Engineers  U.  S.  A.,  The 
Lighthouse   Board.    Washington,  • 
D.  C. 

Superintendent  Cleveland  Iron  J 
Mining  Co.,  Ishpeming,  Mich,      j 

Civil  Engineer,  606  Clay  St.,  San  j 
Francisco,  Cal.  j 

Inventor,  Moore  Electrical  Co.,  321 
Harrison  St.,  Harrison,  N.  J. 


May  20, 

Jan.   16, 

Feb.     7. 
May     z. 

Oct.     I, 
Nov.  12, 

April  19, 
Jan.    17, 

July   12, 
April  21, 

Dec.  16. 
June  20, 

April  rs, 
Dec.    9, 

Sept.  16, 
May   19, 

Mar.  21, 
Jan.    17, 


April  19, 
Nov.  15, 


July     7. 
Mar.    3, 


Jan. 
Mar 


6, 
3. 

Jan.    16, 
une     7, 

Dec.  20, 
June  20, 


W4 
884 

891 

894 

891 
894 

892 
892 

sa4 

884 

893 

894 


890 

895 

888 
888 

889 
889 

893 

887 
891 

f^ 

894 

884 

888 

890 
891 


893 
894 


892 
892 


884 
885 

885 
885 

892 

892 

893 

894 


MSMBSB8 


Name.  AddnsK.  D«t«of  Membenhip. 

Morrow,  John  Thomas  Supt.  Electrolytic  Plant,  Boston  and  f 

MontanaConsolidatedCopperand  I  A  Dec.  21,  1892 
Silver  Mining  Co.,  Great  Falls,  1  M  April  18,  1894 
Mont.  t 

Nichols,  Dr.  Edward  L.  Professor    of     Physics,     Cornell 


Noll,  Augustus 


Paink.  F.  B.  H. 


Paine,  Sidney  B. 


Parkhurst,  Charles  D. 


University,  Ithaca,  N.  V. 

Firm  of  NoU  &  Mac  Lean.  Contract- 
ing Electrical  Ennneers,  8  East 
17th  St,,  New  York  City. 

Westinghouse     Electric  and   Mfg. 
Co.,  328  Exchange  Building,  Bos-  • 
ton,  Mass. 


A  Oct. 
MDec. 

4. 
6. 

X887 
1887 

A  Sept. 
M  April 

27. 
18. 

1892 
1893 

A  Dec. 
MNov. 

16. 
25. 

I89I 

General   Electric  Co.,  180  Summer  j  A  June    8,  1887 

( M  Nov.    I,  1887 

r,  (A  Dec.  2i,  1892 


St.,  Boston,  Mass. 

1st  Lieut.  4th  Artillery,  U.  S.  Army, 
Fortress  Monroe,  Va. 


Nov.  15.  1893 


Parks,  C.  Wbllman  1825  Fifth  .\ve.,  Troy,  N.  Y. 


jA  July   12,  1887 
(MMay     1,1888 


Parshall,  H.  F. 


Pattmon,  Frank  A. 


Electrical  Engineer,  British  Thorn-  (  *  «_..  _  -mr 
son-Houston.  Ltd.,  38  Parliament  \  w  Xf?r  la  tSw> 
St.,  Westminster.  London,  Eng.    (  ^  ^"'  '*'  '^ 

Firm  of  Pattison  Bros,  Consulting  ( 
and  Constructing  Electrical  En- f  A  Sept.  22,  1891 
gineers,    136    Liberty    St.,   New  (  M  Dec.  16,  1891 
York  City.  I 


Pearson,  F.  S. 
Perrine,  Frederic  A. 


Engineer,    Room  8411  621   Broad- 
way. New  York  City. 

,  D,  Sc,    Professor  of  Electrical  En-  | 
gineering.  Leiand   Stanford,  Jr., 
University,  Palo  Alto,  Cal. 

Perry,  Nelson  W.,£.  ilf..  Editor,  Eledricity,  6  Park   Place,  i  .   ^^^  _.    _-  ^ 
N.  Y.  City;  residence.  .8  Sidney  X^  ""J  ^J;  Jg^ 


( M  Feb.  ai,  1893 


Sept.  16,  1890 
Dec.  16,  1890 


Phelps,  Geo.  M. 


Pickernell,  F.  A. 


Pierce,  Richard  H. 


Pike,  Clayton  W.,  £.S. 


Place,  Brooklyn,  N.  Y. 

(Treasurer),     President,  Electrical (  »    . .,  ,,    ,^^^ 

'Engineer:   203    Broadway.   New  ^  Apnli  .    884 


York. 


^  j  M  Oct.   21,  1884 


Feb. 
Mar. 


7,  1890 
18,  1890 


Chief  Engineer.  Amer.  Tel.  &  Tel 
Co.,   153  Cedar  St.,   New   York 
City. 

Pierce  &  Richardson,  Electrical  En-  ( 
gineers,  1409  and  1410  Manhattan  J  A  April  18,  1893 
Bldg.,  Chicago ;  residence.  5434 1  M  Dec.  20,  1893 
Monroe  Ave.,  Hyde  Park,  III.        \. 

Electrical  Engineer,  Falkenau  En-  (  a   rt^      *a   «a  » 
gineering  Co.,  1210  BeU  Building,  \  ^  ^'  Z*  ;^i 


Philadelphia,  Pa. 


Pope,  Franklin  Leonard    (Past PresiJcnl),  Consulting  Elec-  ( 

trical  Engineer  and  Expert,  39  f  A  April  15,  1884 
Cortlandt  St.,  N.  Y.;  residence.  1  M  Oct.  21,  1884 
Great  Barrington,  Mass.  (^ 


Porter,  J.  F. 


Manager.  Alton  Electric  Street  Rail-  j  A  Sept. 
road  Co..  Alton,  UK  (  M  Nov. 


6,  1887 
I,  1887 
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Nmme. 

Pratt,  Robert  J. 


Rae,  Frank  B. 


Address.  Dmte  of  M  embenhip. 

Electrician,  TrcAs.  and  Mgr.  Elcc-  (  *  »„.  __  _*«_ 
trie  Mfg.  Co.  and  Gas  Engine  Co:,  \  ^  A"^^  '?'  \W 
Greenbush.  N.  Y.  (  ^  ^P^'  ^'  ^«»7 

Electrieal  Engineer,  Home  Bank  j  A  April  15,  18&4 
Building.  Detroit,  Mich.  (  M  Oct.    25,  zSga 


Raymond.  Chas.  W.  [Address  unknown,] 


j  A  June     8,  1887 
(  M  May  17,  1887 


Reckenzaun,  Frederick,    Electrical  Engineer, 
DemottSt..West"" 


er,  Box  225,  58  (  a  Miir  6 
Hoboken.N.J.;]^**r:  ^' 
York  City.  (  M  June    5. 


1888 
T888 


Reist,  Henry  G. 

Rice,  E.  Wilbur,  Jr. 
Ries,  Elias  E. 

RoBB,  Wm.  Lispenard 
Roberts,  E.  P. 

Rodgers,  Howard  S. 
RoHRER,  Albert  L. 
Ross,  Norman 

Ross,  Robert  A. 
Rouquette,  William  F. 


f  •  \  A  June  17,  1890 
*  ]  M  Dec,  19,  1894 


43  Wall  St.,  New 

Designing  Engineer,  General  Elec* 
trie   Co.,    5    South    Church   St. 

Schenectady,  N.  Y. 

Technical   Director,   The    General  S  A  Dec.     6,  1887 
Electric  Co.,  SchenecUdy,  N.  Y.  ]  M  Jan.      3,  1888 

Electrical  Engineer  and  Inventor,  f 
Prest.  Ries  Electric  Specialty  Co.,  [  *   i,  1     .^   -00.- 
Baltimore  and   Eutaw  Sts.;  res-^fiJi*^     a  iSai 
idence,  430  South  Broadway.  Bal-  I  ^  ^P^*    ^'  "**' 
timore.  Md,  |^ 

Professor  of  Physics.  Trinity  Coi-  \  A  Dec.   16.  1891 
lege.  Hartford,  Conn.  \  M  Mar.  15,  1892 

E.  P.  Roberts  &  Co.,  Electrical  and  ( 
Mechanical   Engineers,    Brainard  I  A  Jan.      6,  1885 
Block,  Telephone  2656,  Cleveland,  1  M  Feb.     3,  1885 
O.  I 

Electrical  Engineer,  Eddy  Electric  (A  Sept.  27,  1892 
Mfg.  Co.,  Windsor,  Conn.  (M  May   16.  1893 

Electrical   Engineer,   with   General  (A  Nov.    i,  1887 
Electric  Co..  Schenectady,  N.  Y.  ]M  May     i.  1888 

Assistant  Works  Engineer,  Cana- 
dian General  Electric  Co. ,  Peter 
boro,  Ont. 


"  J  A  Sept   20,  I 
'1  M  Nov.  21.  I 


1895 
B9+ 


Electrical  Engineer,  Royal  Electric  j  A  Sept.  27,  1892 
Co..  94 Queen  St.,  Montreal,  P.  Q.  1 M  April  18,  1893 

B.     Proprietor,    Rouquette  &  Co.,  j  A  Mar.  21,  1894 
47  Dey  St.,  New  York  City.  1  M  Dec.   19,  1894 


Salomons.  Sir  David  Lionel,  Bart,   Af.  A.,  Engineer  and  f 


[Life  Member 


Barrister.  Broomhill.  Tunbridge  I  A  Feb.  7,  1888 
Wells.  Kent,  and  49  Grosvenor  ]  M  May  i,  1888 
St.,  London,  W.  England.  ^ 


Sands  H.  S. 


Sargent,  W.  D. 


Scott,  Charles  F. 


Shallenberger,  O.  B. 


Consulting  and  Constructing  Electri- (  ^   |-.  .  « 

cal   Engineer,  Peabody  Building,  \  \i  ^^'  "»  "^^ 
Wheeling,  W.  Va.  '  ^  ^^'''  ^'* 


•IM 


1894 


General  Manager.  N.  Y.  &  N.  J. 
Tel.  Co.,  16  Smith  St..  Brooklyn. 
N.  Y. 

Chief  Electrician,  Westinghouse 
Electric  and  Mfg.  Co.,  Pittsburg, 
Pa. 


A  April  15,  X884 
M  Feb.  21,  1994 


1893 


Consulting  Electrician,  Westing-  (  .  j,^.  ^  _««« 
bouse  Electric  and  Mfg.  Co.,  -J  ^-  5«P*-  7,  "»» 
of  Pittsburg ;  Rochester,  Pa. 


^  JA  April  19,  I 
MM  Jan.    17,  i 

*  I  M  Dec.     4,  1888 
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Name. 

Shaw,  Edwin  C. 
Shea,  Daniel  W. 


Addrew. 
Monaster,   Akron    General 
Co.,  Akron,  O. 


Date  of  Memberahip. 
Electric  jA  May  17,  1892 
\  M  Feb.  27,  1895 


Professor  of  Physics,  University  of  | 
Illinois.  403  W.  Hill  St.,  Cham-n 
paign,  III.  i 

Sheldon,  Samuel,'  A,  M,,  Ph.D.  Professor  of  Physics  and  j 
Electrical  Engineering.  Folytech- I 
nic  Institute,  170  State  St..  Brook- 1 
lyn,  N.  Y.  I 


Dec.  20,  1893 
[  June  20,  1894 


A  Pec. 
M  Oct. 


Shepard,  Wm.  E. 
Slater,  Henry  B. 

Smith,  Frank  Stuart 

Smith,  Jesse  M. 

Smith,  T.  Carpenter 

Spaulding,  Hollon  C. 

Sperry,  Elmer  A. 

Standford,  William 

Stearns,  Charles  K. 
Sterbins,  Theodore 

Stbinmetz,  Charles  P. 
Stevens,  W.  Le  Conte 
Stibringer,  Luther 

Stillwell,  Lewis  B. 

Taintor,  Giles 

Taltavall,  Thos.  R. 


Feb. 
Mar. 


16,  1890 
27,  X891 

7.1890 
18,  1890 


Stein  way  Railway  Co.,  Long  Island  (A 
City,  N.Y.  \U 

Vice-President  and  Manager,  The 
Canon  City  Electric  Light  and 
Power  Co.,  Canon  City,  Col. 

Supt.  Lamp  Factory,  Westing- 
house  Electric  &  Mfg.  Co.,  Pitts- 
burg, Pa. 

Consulting  Electrical  Engineer  and  1  *  a„  .,  _^  _««, 
Expert  in  Patent  Causes,  36  Mof-  •?  „  ^P"^  '§•  '!**♦ 
fatt  Block,  Detroit,  Mich. 


1« 
1« 


April  15,  X884 
Dec.    9,  1884 


Sept.  27,  1892 
April  18,  1893 


M  June  26,  1891 


Mechanical  and  Electrical  Engineer, 
212  Drezel  Building,  Philadelphia 
Pa. 


Oct,   27,  1891 
Dec.  16,  1891 


Engineer,  Siemens  &  Halske  Elec- 
trie  Co.,  31  Milk  St.,  Boston, 
Mass. 

Electrical  Engineer,  Sperry  Electric 
Railway  Co.,  Mason  and  Belden 
Sts.,  Cleveland.  O. 

Asst.  Supt.  Telegraphs,  Colonial 
Govt.,  Cape  Town,  Cape  of  Good 
Hope,  Africa. 


3  A  April  19, 
iMFeb.  21, 

1« 


A  April  21,  1891 
M  June  20,  1894 


1892 
1893 


Oct. 
Dec. 


4,  1887 
6,  1887 


Electrical  Engineer,  Newton  Centre,  jA  Aug. 
Mass.  \  M  May 


6,  X889 
16,  1893 


July     9. 
une  17, 


1889 
1890 


ral  ( A  Mar.  18,  1890 
V.    \yi  April  21,  1891 


Superintendent  Railway  Construe-  | 
tion,  General  Electric  Co.,  Sche-^ 
nectady,  N.  Y. 

{MatMger^      Electrician,    General 
Electric  Co.,  Schenectady,  N.  Y. 

Professor    of    Physics,    Rensselaer  j  A  Dec.  20,  1893 
Polytechnic  Institute,  Troy,  N.  Y.  "f  M  June  20,  1894 

Electrical  Expert,  Morris  Building, 
68    Broad    St.;    residence,    1873 « 
Lexington  Ave.,  New  York. 


A  June 
M  Nov. 


8,  1887 
I,  1887 


Pa. 

Division 
New 
egraph 


1892 

12 


Electrical  Engineer,  Westinghouse  (  *    a     m  .     .q 
Electric  and  M'fgCo..  Pittsburg,  j  ^  Apnl  ,9.  ig 

)n   Sup't.  Western    I'ivision  (at         -^   -o 
EngUnd  Telephone  and  Tel-^  ^  J?°«  ^^'  Jf^i 
^\i  Co.,  Spring^field,  Mass.       (  ^  ^^^-  '^»  '^' 


Editor,  Electric  Age^  World  Build-  j  A  Jan.    20,  1891 

|M  Oct. 


ing.  New  York  City. 


27.  1891 
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N«ne. 

Terry,  Charles  A. 


Addrew.  Date  of  Membenhip. 

Lawyer,  Westinghouse  Electric  and  (  A    *,.,    .,   _--_ 

Mfg.    Co.       '«"    BrftaHwflv      N^iiirJf\l\P™     5i  l»f7 

York  City' 


Mfg.   Co.,    I20  Broadway.    New  j  ^  SS;^  i?!  JS7 


Thomas,  Benjamin  F.,/'^./7.     Professor   of    Physics,  Ohio  (A  June    71X892 
State  University,  Columbus,  O.      (  M  Nov.  15,  1892 

Thomson,  Prof.  Elihu   {Past  President),    Electrician,  Gen-  f 

eral  Electric,  and  Thomson  Elec- I  A  April  15.  1S84 
trie  Welding  Companies.  Lynn,1  M  April  21,  1891 
Mass.  L 


Thompson,  Edward  P. 

Thurnauer,  Ernst 

Tischendobrfer,  F.  W. 
Trafford,  Edward  W. 

Turner,  William  S. 

Uebelacker,  Chas.  F. 
XJhlenhaut,  Frit2,  Jr. 
Upton,  Francis  R. 

Vail,  J.  H. 

Vansize,  William  B. 


Consulting  Electrician  and  Patent  (  *  *^  .,  __  _-«. 
Attorney  in  Electrical  Cases,  5 1  w  rEr  :*  !2!I; 
Beekmai  St..  New  York  City.     "(J^^-     3.  1W9 

Manager,     Thomson- Houston 
temational  Elec.  Co.,  27  Rue 
Londres,  Paris,  France. 


^^°«|m 


Oct.    14,  1887 
Dec.     6,  1887 


Electrical    Engineer,  SchQckert 
Ca,  Nurembierg,  Germany. 


&  \  A  April  I9»  1898 
{  M  Nov.  21,  1894 


Electrical  Engineer.  Richmond  Rail 
way  and  Electric  Co.,  104  N.  7th 
St.,  Richmond,  Va. 


1^ 


Feb. 
Dec. 


21,  1894 
19,  1894 

7.  1886 
t,  1888 


President,   Woodbridge  &    Turner  (  .   ^ 
Engineering  Co.,  47  Times  Build- K  \g  Jr. 
ing,  New  York  City.  (  "*  ^*- 

Electrical  Engineer,  88  Avenue  C,  j  A  Feb.     7,  1890 
Bayonne,  N.  J.  ]  M  Nov.  15,  1893 

Philadelphia  Traction  Co.,  4101  Ha-  j  A  May     7,  1889 
verford  St.,  Philadelphia,  Pa.  ( M  Dec.  19,  1894 

General    Manager,    Edison    Lamp  f 


Works,  Harrison,  N. 
dence,  107  Day  St., 
N.J. 


J.:    resi-  |  A  May  17,  1887 
Orange,  |  M  Mar.  15,  1892 


President  and  Chief  En^neer,  Elec-  T 
tricai  and   Mechanical  Engineer- J  A  June    8,  1887 
ing  Co.,  39  Cortlandt   St.,   New  J  M  Nov.    i,  1887 
York  Cily.  t 


{Manager.)  Solicitor  of  Patents  and 
Expert.  253  Broadway,  New  York 
City. 

Van  Trump,  C.  Reginald  Engineer  and  Manager,  Wilming- 
ton City  Electric  Co.,  Wilming- 
ton, Dei. 


liming-  (  . 
ilming.|^ 


April  15,  1884 
Oct,   21,  1884 

Feb.     5.  1886 
Feb.  21,  1894 


Waddsll,  Montgomery  Engineer,  The  WaddelUEntz  Elec-  j  A  Feb.     7,  1B68 
trie  Co.,  Bridgeport.  Conn.  \  M  May     i,  1888 

Wait,  Henry  H.  Assistant  Electrical  Engineer,  West-  (  *  c.«»   •«  ra^« 

em   Electric  Co..  49i9   Madison -^  ^ ^Xi  ^v'f^^ 
Ave.,  Chicago,  III.  \  ^  J""*  ^^  ^^ 


Waldo,  Dr.  Leonard 

Walker,  Sydney  F. 
Warner,  Ernest  P. 


Electrical  Engineer,  SecreUry,  The  (  *  i,,-^ 
Waldo  Foundry,  57  Coleman  St.,  -^  w  {t"; 
Bridgeport,  Conn.  (  "  ^*^- 


5,  1888 
4,  1888 


Electrical     Engineer,    195    Severn 
Road.  Cardiff.  Wales. 

Electrical  Engineer,  Western  Elec 
trie  Co.,  227  So.  Clinton  St. 
Chicago,  III. 


j  A  June    4,  1885 
( M  May  17,  1887 


^'  \  A  Sept.  ao, 
*  iM  June  20, 


1893 
1894 
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Name. 
Waterman,  F.  N. 


Weaver,  W.  D. 
Webb,  Herbert  Laws 

Weeks,  Edwin  R. 

WELLRR.  Harry  W. 
Wells,  Douglas 
Weston,  Edward 

Wetzler,  Joseph 
Wharton,  Chas.  J. 
Wheeler,  Schuyler  S. 

[Ufe  Member.] 

Wiener.  Alprrd  E. 

Wilkes,  Gilbert 
WiLLYOUNG,  Elmer  G. 

Wilson,  Charles  H. 
Wilson,  Fremont 

Wilson,  Harry  C. 

Winchester,  A.  E. 

Wirt,  Charles 

wolcott,  townsend 
Wolverton,  B.  C. 


Address.  Date  of  Membership. 

Electrical   Engineer  .Westingbouse  f .   p  , 

M  June  20, 


^i- 


May  17 

Oct.    31 
Dec.  16, 


Electric  and  Mfg.  Co.,  120  Broad- 
way, New  York  City. 

{Manager.)     7  West  26th  St.,  New  j  A  May  17, 
York  City.  \U" 

(Manager.)  18  Cortlandt  St.;  resi 
dence.  126  East  19th  St.,  New 
York  City. 

Rooms  301   to  303,  National  Baak  (  .   j,     .     ^ 
of   Kansas  City  Building.  Kansas  J  ^  ^PJ*    ° 

Electrical    Engineer.   The    Wood*  (A  Oct.   21 
lands,  Jamaica,  N.  Y.  'j  M  Nov.  24, 

Hurstfield,  The  Avenue.  Gipsy  Hill,  j  A  Ji 
London,  Eng.  (  M  J; 

(Past  President.)      Vice-President,  f 
Weston     Electrical     Instrument  J  A  April  15 
Co,   120  William  St.,  and  645)  M  Oct.   21 
High  St.,  Newark,  N.  J.  [ 

Editor    The   Electrical    Engineer,  ( A  April  15 
203  Broadway,  New  York  City.      \  M  Dec. 

82  Bond  St.,  London,  Eng, 


June 
Jan. 


(A 

\u 

(A  Jan. 
( M  May 

Sc.D.     President,   Crocker- Wheeler  f 

Electric  Co.,  39  Cortlandt  St..  f  A  June 
and  Ampere,  N.  J.;  residence,  34  |  M  Sept. 
Gramercy  Park,  New  York  City.    [ 


Electrical  and  Mechanical  Engineer; 
residence,  208  Liberty  St.,  Sche 
nectady,  N.  Y. 


^i« 


May 

May 


Consulting  Electrical  Engineer,  149  j  A  Jan. 
Griswold  St.,  Detroit,  Mich.  \  M  Mar. 

Secretary  and  Treasurer,  Falkenau  (  .   1^ 
Engineering  Co.,  Ltd.,  1210  Betz  j  ^  ^-  *J 


Building,  Philadelphia. 


Monadnock  Building,  Chicago,  111.  j  A 

1- 


Electrician,  108  Fulton  St.,  and 
2153  Seventh  Ave.,  New  York 
City. 

Sujpt.  of  P.  O.  Telegraph  with  the 
Government,  Kingston,  Jamaica, 
West  Indies. 

Consulting  Engineer  and  Designer 
of  Electric  Systems,  South  Nor- 
walk.  Conn. 


Nov. 
Feb. 

Mar. 
June 


A  Jan. 
M  June 

A  June 
M  Nov. 


(Manager.)  Consulting  Engineer, 
5104  Newhall  St.,  Germantown, 
Pa. 

Electrician,  1002  Bennett  Building,  ( A 
New  York  City.  ( M 


•  Ja  S 

'|MJ, 


Sept.  8 
'une  20, 


Mar. 
Dec. 


and  Telegraph  Co.,  Elmira,  N.  Y.  ( M  Feb.  21 


e  jA 
.  iM 


893 
894 


887 
887 

890 
890- 

887 
687 

890 
891 

892 
893 

884 
884 

884 
884 

888 
888- 


885 

885. 


893 
894 

890 
890 

89X 
893 

891 
892 

888 
888- 

891 
892 

887 
887 

888 
894 

888 
890 

890 
895 
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Name. 
WOODBRIDGB,  J.  L. 


AddrcM.  Dmte  of  Meonbenhip. 

Secreury    and    Treasurer,    Wood-  f 
bridge     &    Turner    Engineering  I  A  June    8,  1887 
Col,   47   Times    Building,    New  |  M  Nov.    i.  1887 
York  City.  t 

Inspector  of  Electrical  Works,  (  *  w^  _a  ,oq^ 
United  Gas  Improvement  Co.,  807  K  w  y  t^  Ia  ISS 
Drexel  Bldg.  Philadelphia,  Pa.       (  ^  J*^'   '^'  '^5 

WuRTS,  Alexander  Jay  Electrical     Expert,    Wcstinghouse  (  *    a :i  ,^   •q^-. 

Electric  4   STfg.  Co..  PHtW  \^^.  ^  X 


Wright,  Peter 


Young,  C.  Griffith 


Electrical    Engineer,  White-Crosby 
Co.,    706    Equitable     Building, 
Baltimore,  Md. 


•1- 


Jan.     3,  X889 
April  ai,  1891 


Members, 
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ASSOCIATE  MEMBERS 
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ASSOCIATE  MEMBERS. 
Name.-  Address. 

Adams,  Comfort  A.,  Jk.  Instructor  in  Electrical  Engrineering, 
Harvard  University,  13  Farrar  St., 
Cambridg^e,  Mass. 


Electrical  Engriaeer,  Kinsman  Block 
System  Co.,  23  West  39th  St.,  New 
York  City. 

Electrical  Expert,  Compagnie  Francaise 
Thomson-Houston,  27  Rue  de  Lon- 
dres,  Palis,  PVance 

Key  West,  Fla. 

Assistant  Manager,  with  L.  H.  Alden, 
486  River  Drive,  Passaic,  N.  J. 

Professor  of  Mechanical  Engineering 
and  Director  Mechanical  Arts,  West 
Virginia  University,  P.  O.  Box  256, 
Morgantown,  W.  Va. 

Electrical  Engineer,  General  Manager 
and  Vice  Prest.  Alexander-Chamber- 
lain Electric  Co.,  126  Liberty,  and 
348  W.  145th  St.,  New  York  City. 

Manager,  Lighting  Dept.,  Electric  Se- 
lector and  Signal  Co.,  45  Broadway, 
New  York  City. 

General  Manager  and  Electrician, 
United  Electric  Light  Co.,  Spring- 
field. Mass. 

Professor  of  Physics  and  Electrical  En- 
gineering. Pacific  Building,  Wash- 
.ington,  D.  C. 

General  Electric  Co., 

Schenectady,  N.  Y. 

Anson,  Franklin  Robert    Manager,  Salem  Consolidated  Street 
Railway  Co.,  Salem,  Ore. 

Electrician,  325^  Webster  St.,  New- 
ark, N.  J. 


Agnew,  Cornelius  R. 

Albanese,  G.  Sacco 

Albert,  Henry 
Alden,  James  S. 

Aldrich,  William  S. 

Alexander,  Harry 

Alexander,  P.  ft. 
Anderson,  Henry  S. 
Anderson,  W.  K. 
Andrews,  Wm.  S. 


Anthony,  Watson  G. 
Arch  BOLD,  Wm.  K. 
Archer,  Geo.  F. 

Armstrong,  Chas.  G. 
Arnold,  Craig  R. 

Ashley,  Frank  M. 

Atwood,  George  F. 


Westinghouse  Electric  and  Mfg.  Co. 
328  Exchange  Bldg.,  Boston,  Mass. 

Student    in    Electrical    Engineering, 
Columbia  College;   Residence,  Gar- 
den City,  L   I. 

Electrical  Expert,  1400  Auditorium 
Tower,  Chicago,  III. 

Electrician  and  Treasurer,  Arnold 
Electric  Co.,  Chester  and  Sharon 
Hill,  Pa. 

Master  Mechanic,  Ashley  Engineering 
Works,  Hawthorne,  N.  J.,  136 
Liberty  St.,  N.  Y. 

Mechanic  and  Lawrence  Sts. ,  Newark, 
N.J. 


Date  of  Election. 
Jan.     17,  1894 

Mar.    21,  1894 

Sept.  20.  1893 
Feb.  21,  1893 

May  19,  1891 

Mar.  15,  1892 

April  21,  189X 

Dec.  16,  1890 

Jan.  16,  1895 

Sept.  20,  1893 

Mar.  5,  1889 

Feb.  27.  1895 

Feb.  24,  1 891 

June  20,  1894 

Nov.  21,  1894 
Sept.  27,  1892 

Nov.  15,  1892 

Nov.  21,  1894 
Sept.  16,  1890 
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AaaOCIATB  MSMSiBRS 


Name. 
AUBBBACHBS,  LOUIS  J. 


Addrctt. 
Secretary  and  General  Manager,  Auto> 
matic  Electrical  Specialty  Co.,  136 
Liberty  St..  New  York  City. 

Rome,  Kanawha  Co.,  W.  Va. 


Babcock,  Clifford  D. 

Badt,  Lieut.  Francis  B.  Electrical  Engineer,  Siemens  &  HMkt 
Electric  Co.  of  America,  1215  Mon- 
adnock  Block,  6506  Lafayette  Ave., 
(Englewood),  Chicago,  III. 

Barbour,  Fred  Fiske  Manager,  Power  and  Mining  Depart- 
ment,  Pacific  District,  General 
Electric  Co.,  15  First  St.,  San 
Francisco,  Cat. 


Vice-President  and  General  Manager, 
Wilmington  Street  Railway  Co., 
Wilmington,  N.  C. 

Electrical  Expert,  Fort  Wayne  Elec- 
tric Co.,  Fort  Wayne,  Ind. 

General  Supt.,  Edison  Electric  Iliumi- 
nating  Co.,  360  Pearl  St.,  Brooklyn, 

N.  Y. 

Barth-Bartoshkvitch,  a.  Mechanical  and  Electrical  Engineer, 
[Address  unknown.] 


Barnard,  John  H. 

Barnes,  Edward  A. 
Barstow,  William  S. 


Bartlett,  Edward  E. 
Barton,  Enos  M. 
Barrett,  John  A. 
Bates,  Frederick  C. 
Bauer,  W.  F. 
Bsattie,  John,  Jr. 


Member  Firm  Bartlett  &  Co.,  23  Rose 
St.,  New  York  City. 

President  Western  Electric  Co.,  227 
South  Clinton  St.,  Chicago,  III. 

Elektron  Mfg.  Co.,  126  Liberty  Street, 
New  York  City. 

Electrical  Engineer,  Union  Elektrici- 
tats  Gesellsdiaft,  Berlin,  Germany. 

Electrician,  3x3  High  St.,  Newark, 
N.J. 

Manager  and  Superintendent,  The 
Beattie  Battery,  Zinc  and  Electric 
Co.,  Fall  River,  Mass. 

Bedell,  Dr.  Fredbrick,  Assistant  Professor  in  Physics,  Cornell 
University,  Ithaca,  N.  Y. 

Bennett,  Edwin  H.,  Jr.  Electrician  and  Engineer,  Diehl&Co., 
Elizabethport,  N.  J.,  and  17  E.  33d 
St.,  Bayonne,  N.  J. 

Electrician,  General  Electric  Co., 
Box  3067,  44  Broad  St.,  New  York 
City. 

Chicago  Telephone  Co.;  residence, 
221  Scoville  Ave.,  Oak  Park,  111. 

Engineer,  General  Electric  Co. ;  resi- 
dence, 53  Washington  Ave.,  Sche- 
nectady. N.  Y. 

Secretary  and  Treasurer,  Ithaca  Street 
Railway  Co.,  Ithaca,  N.  Y. 

Inventor,  Columbia  Road,  between 
Fourteenth  and  Fifteenth  Sts., 
Washington,  D.  C. 


Bennett,  John  C, 

Bentley,  Merton  H. 
Berg,  Ernst  Julius 

Bergholtz,  Herman 
Berliner,  Emile 


Dmteof  Election^ 

Sept.  20,  1893. 
Feb.   21,  1894. 

April  19,  1893 

May    16,  189^ 

June   26,  1 891 
Sept.  20,  1893. 

Feb.   21,  1894. 

May    16,  1893 

June      6,  1893. 

July    12,  1887 
June     8,  1887- 

Jan.    20,  1891 
April  15,  1890- 

Sept.     6,  1887 
April  21,  X891 

June  20,  1894 

Mar.    18,  1890- 
Oct.    18,  1893. 

Sept.   19,  1894. 
April    2,  1889. 

April  15,  1884. 


A8800IATB  MEMBERS 


Name.  Addren. 

Berresford,  Arthur  W.,  B.  5.,  Af,  E.  Electrician.  Brooklyn 
City  R.  R.  Co.,  197  Van  Buren  St., 
Brooklyn.  N.  Y. 


Bbrthold,  Victor  M. 

Best,  A.  T. 
Bbthell,  U.  N. 


BijUR.  Joseph 

Black,  Chas.  N. 
Blades.  Harry  H. 

Blake,  Henry  W. 
Blake,  Theodore  W. 


Bliss,  Donald  M. 


Patent  Department,  American  Bell 
Telephone  Co.,  12s  Milk  St.,  Bos- 
ton: residence,  16  Upton  St.,  Cam- 
bridgeport,  Mass. 

Electrical  Engineer,  St.  Augustine, 
Florida. 

Acting  General  Manager,  ^  The  Met- 
ropolitan Telephone  and'  Telegraph 
Co..  18  Cortlandt  St.,  N.  Y.  City.       Jan.     17.  1894 


89T 

Dttleof  Elactioa. 
May    15.  1894 

May    17,  1893? 
Feb.   31,  1894 


Student  in  Electrical  Engineering. 
Columbia  College,  residence.  41 
West  53d  St..  New  York  City. 

Brush  Electric  Co.,  Belden  St.,  Cleve- 
land,  O. 

General  Superintendent,  The  Detroit 
Motor  Co.,  1343-55  Cass  Ave.,  De- 
troit, Mich. 

Editor,  Strett  Railway  Journal,  26 
Cortlandt  St.,  New  York  City. 

Electrician,  National  India  Rubber 
Co..  Bristol,  R.  I. 

Blanch ARD, Charles M.  1209  Betz  Buildiag,  Philadelphia,  Pa.; 
residence,  51 13  Pulaski  Ave.,  Ger- 
mantown.  Pa. 

Electrician,  Holtier-Cabot  Electric 
Co.,  I  Davis  Court,  Washington 
St..  Brookline.  Mass. 

Bliss,  George  S.  Electrical  Engineer,  Central  District 

and  Printing  Telegraph  Co.,  Tele- 
phone Bldg.,  Pittsburg.  Pa. 

Bliss,  Wm.  J.  A.  820  Connecticut    Ave.,   Washington, 

D.  C. 

Bliss,  Wiluam  L.,  B,  S,,  M,  M,  E.  Electrical  Engineer,  Rikcr 
Electric  Motor  Co.;  residence,  24 
Irving  Place,  Brooklyn,  N.  Y. 


Blizard,  Charles 
Blood,  John  B. 

Blood,  W.  Henry  Jr. 
BoARDMAN,  Harry  B. 


Sales  Agent.  Electric  Storage  Battery 
Co..  66  Broadway;  residence,  Pas- 
saic. N.  J. 

Assistant  Engineer,  Railway  Dept., 
General  Electric  Co.,  Schenectady, 
N.  Y. 

The  Franklin  Electric  Co.,  535  Dela- 
ware St.,  Kansas  City,  Mo. 

Wisconsin  Telephone  Co..  1530  Grand 
Ave.,  Milwaukee,  Wis. 

BoGART,  A.  Livingston     Electrical    and     Patent     Expert,    22 
Union  Square,  New  York  City. 

BoGGS,  Lemuel  Stearns  Lafayette,  Ind. 

BoGUE,  Charles  J.  Manufacturer  and  Dealer  in  Electrical 

Supplies,  206  Centre  St.,  N.Y,  City. 


May  15.  1894 
Feb.      7,  i89» 

April  19,  1899 
Nov.  13,  i88fr 
Sept.  20.  1895 

Sept.  19,  1894 

Feb.      7,  1890 

June  20,  1894 
Jan.    20,  1891 

Mar.    21,  1894 

Nov.  21,  1894^ 

June   20,  1894 

April    2,  1889 

Sept.  20,  1893 

July  10,  188S 
Sept.  20,  1893 

Dec.      3,  1889 
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A8800IATE  MEMBERS 


Name.  Address. 

BoHM.  LuDWiG  K.,  Ph.D.,  Consulting  Electrical  and  Chemical 
Expert,  117  Nassau  St.,  N.  Y.  City. 

BoiLEAU,  WiLUAM  E.  Superintendent  and  Electrician.  Brush 
Electric  Light  &  Power  Co.,  Colum- 
bus, Ga. 


BoTTOsiLEY,  Harry 
Bough  AN,  Edward  L. 


Electrical   Engineer,  Supt.,  Marlboro 
Electric  Co.,  Marlboro,  Mass. 


Supply  Agent,  American  Telephone 
and  Telegraph  Co..  153  ^^edarSt., 
New  York  City. 

Brackett,  Prof.  Cyrus  F.  Princeton,  N.  J. 


Braddcll,  Alfred  E. 

Brady.  E.  D.  A. 

Brady.  Frank  W. 
Bradt,  Paul  T. 

Bragg,  Charles  A. 

Breithaupt,  E.  Carl 
Brixey,  W.  R. 

Broich,  Joseph 

Brophy,  William 
Brown,  Alex.  S. 

Brown,  Edward  D. 

Bryant,  Waldo  C. 
BUBERT,  J.  F. 

Buck,  Harold  W. 

Buckingham,  Chas.  L. 

BuNCE,  Theodore  D. 


Electrical  Inspector,  Underwriters' 
Association,  Middle  Department, 
316  Walnut  St.,  Philadelphia,  Pa. 

Consulting  and  Constructing  Engin- 
eer, Lock  P.  O.  Box  132,  Waterbury, 
Conn. 

Electrical    Engineer,   WcUsburg,   W. 

Manager,  Central  N.  Y.  Agency,  West- 
inghouse  Electric  and  Mfg.  Co, 
Syracuse,  N.  Y. 

Manager  Phila.  Agency,  Westing- 
house  Electric  and  Mfg.  Co.,  302 
(Hrard  Building,  Philadelphia,  Pa. 

Electrical  Engineer,  Berlin,  Ont. 

Proprietor  and  Manufacturer,  Day's 
Kerite  Wire  and  Cables,  203  Broad- 
way, New  York  City. 

Superintendent  and  Electrician,  with 
F.  Pearce,  New  York  City;  resi- 
dence, 448  8th  Ave.,  Brooklyn,  N.  Y. 

17  Egleston  St.,  Jamaica  Plain,  Mass* 

Electrical  Engineer,  397  St.  Nicholas 
Ave.,  New  York  City. 

District  Inspector,  American  Tele- 
phone and  Telegraph  Co.,  18  Cort- 
landt  St  ,  New  York  City;  residence, 
75  Hicks  St.,  Brooklyn,  N.  Y. 

Manager  and  Treasurer,  The  Bryant 
Electric  Co.,  Bridgeport,  Conn. 

Supervising  and  Contracting  Electrical 
Engineer,  620  Atlantic  Ave.,  Bos- 
ton, Mass. 

Student  in  Electrical  Engineering, 
Columbia  College:  residence,  14  East 
45th  St.,  New  York  City 

Patent  Attorney,  Western  Union  Tele- 
graph Co.,  195  Broadway,  P.  O. 
Box  856,  New  York  City. 

The  Storage  Battery  Supply  Co.,  239 
E.  27th  St.,  New  York  City. 


Dace  of  EiecUoo. 
Nov.    15,  1892 

Sept.   19,  1894 
April     2,  1889 

Dec.    21,  1892 
April  15,  1889 

Sept.     I,  1890 

Sept.   19,  1894 
June    20,  1894 

July     12,  1887 

Sept.  20,  1893 
June  6,  1893 

Sept.  20,  1893 

Jan.  17,  1894 
Mar.   5,  1889 

Jan.   7,  1890 

Sept.  19,  1894 
May  16,  1893 

June   7,  1892 

Jan.  16,  1895 

April  15,  1884 
May  20,  1890 


ASSOCIATE  MBMBBR8 


Name.  Address. 

Burke,  James  Firm  of  Herrick  &  Burke,  203  Broad- 

way, New  York  City. 

Burnett,  Douglas,  ^.5.  Edison  Illuminating  Co.,  Inspection 
Dept.,  55  Duane  St.,  New  York 
City;  residence,  42  Livingston  St., 
Brooklyn,  N.  Y. 

Burton,  Geo.  D.  Electrician  and    President,  Electrical 

Forging  Co.,  194  Washington  St., 
Boston,  Mass. 


With  White-Crosby  Co.,  Equitable 
Bidg.  Baltimore,  Md. 

President,  The  Paget  Sound  Reduction 
Co.,  Everett,  Washington. 

Electrical  Engineer,  Rutherford,  N.  J. 

City  Electrician,  123  W.  8th  St.,  Cin- 
cinnati, O. 

Street  Railway  Journal^  Havemeyer 
Bldg.,  New  York  City. 

Proprietor  Western  Electric  Construc- 
tion Co.,  503  Delaware  St.,  Kansas 
City,  Mo.;  residence,  151  Henry  St., 
Brooklyn,  N.  Y, 

Assistant  Professor  of  Electrical  En- 
gineering, Ohio  State  University, 
Columbus,  O. 

Electrician,  Decker  Building,  New 
York  City. 

Electrical  Engineer,  18  Clinton  St., 
Cleveland,  O. 

Electrical  Engineer,  Piazza  Statuto  15, 
Torino,  Italy. 

Electrical  Engineer.  Sprague  Electric 
Elevator  Co.,  Postal  Tel.  Bldg., 
253  Broadway,  New  York  City. 

Secy,  and  Gen.  Supt.,  The  Southern 
Bell  Telephone  and  Telegraph  Co., 
18  Cortlandt  St.,  New  York  City. 

Cartwright,  Fred'k  G.  Electrical  Engineer  and  Agent,  Fort 
Wayne  Electric  Co.,  41  and  43 
Stevenson  St.,  San  Francisco,  Cal. 

Carty,  J.  J.  (Manager.)     Engineer,    Metropolitan 

Telephone  and  Telegraph  Co.,  18 
Cortlandt  St.,  New  York  City. 

Carus-Wilson,  Charles  A.  Professor  of  Electrical  Engineer- 
ing. McGill  University,  Montreal, 
P.Q. 


Burton,  William  C. 

Butler,  William  C. 

Buys,  Albert 
Cabot,  John  Alfred 

Caldwell,  Edward 

Caldwell,  Fordyce  S. 

Caldwell,  Francis  C. 

Callender,  Romaine 
Canfield,  Milton  C. 
Capuccio,  Mario 
Carichoff,  E.  R. 

Carson,  David  I. 


Case,  Willard  E. 
Casper,  Louis 


6  Fort  St.,  Auburn,  N.  Y. 

Electricial  Engineer  and  Contractor, 
307  New  Ridge  Bldg.,  Kansas  City, 
Mo. 

Chadbourne,  Henry  R.,  Jr      Electrical   Engineer,  Troy   City 
Ry.  Co.,  Troy,  N.  Y. 


Date  of  Election. 

May  16,  1893 

Feb.  21,  i8q3 

April  21,  1 891 

Sept.  20,  1893 

Mar.  21,  1893 

Feb.  7,  1890 

May  16,  1893 

Jan.  20,  1891 

Sept.  22,  1 89 1 

June  20,  1894 

Sept.  27,  1892 

Feb.  21,  1893 

Dec.  20,  1893 

Mar.  21,  1894 

Dec.  21,  1892 

Sept.  22,  1891 

April  15,  1890 

April  18,  1894 

Feb.  7,  1888 

April  21,  1891 

May  15.  1894 
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AaaOCIATE  MEMBERS 


Nome.  Address. 

Chambkrlain,  F.  H.  Electrician,  Metropolitaa  K.  R.  Co., 
241 1  F  St.,  N.  W.  Washington, 
D.  C. 

Chask,  Harvey  Stuart  Mechanical  and  Electrical  Eng^ineer, 
136  Liberty  St..  New  York  City. 

Chbnky,  Frederick  A.  Secretary,  Treasurer,  and  General 
Manager,  The  Elmira  Illuminating 
Co..  Elmira,  N.  Y. 

S. 


Chermont,  Antonio  Leite    Engineer,  Box  25a,  Para,    U. 
Brazil. 


Chesney,  C.  C. 


Electrician,  Stanley  Laboratory,  Pitts- 
field,  Mass. 


Childs,  Arthur  Edwards,  B.  Sc,  M.E  E.E.  Electrical  En- 
gineer. Westinghouse  Elec.  and 
Mfg.  Co.,  302  Girard  Bldg.,  Phila- 
delphia, Pa. 


Childs,  Sumner  W. 

Childs,  Walter  H. 
Chinnock,  C.  E. 
Chubbuck,  H.  Eugene 
Claflin,  Adams  D. 


Clark,  LbRoy,  Jr. 

Clement,  Lewis  M. 
Cleveland,  Wm.  B. 
Clough,  Albert  L. 
Cobb,  John  S. 
Coffin,  Chas.  A. 

Cogswell,  A.  R. 

Coho,  Herbert  B. 

Colgate,  Geo.  L. 
Collky,  Benjamin  W. 

CoLviLLE,  Frank  C. 
Colvin,  Frank  R. 


Columbus  Central  Railway  Co.,  Col- 
umbus, O. 

Brattleboro,  Vt. 

137  Sixth  Ave.,  Brooklyn.  N.  Y. 

Electrical  Engineer,  Pueblo,  Col. 

President.  Perkins  Lamp  Co.,  and  of 
Claflin  &  Kimball,  (Inc.),  Electrical 
Contractors,  Room  53,  no  Boylston 
St.,  Boston;  residence,  Newton  Cen- 
tre, Mass. 

Electrician,  Safety  Insulated  Wire  and 
Cable  Co.,  229  West  28th  St.,  resi- 
dence, 350  West  30th  St.,  New  York 
City. 

1013  Central  Ave.,  Oakland,  Cal. 

[Address  unknown.  ] 

Box  114,  Manchester,  N.  H. 

[Address  unknown.] 

General    Electric   Co.,    620    Atlantic 


Date  of  Ekctk». 

June  17,  1890 
Sept.    19,  1894 

Oct.  I,  1889 
Mar.  18,  1890 
June   30,  1894 

June    20,  1894 

May  15,  1894 

Sept.  6,  1887 

April  15,  1884 

Dec.  4,  1888 

June  7,  1892 

May  15,  1894 
April  21,  1891 
April  15,  1884 
Feb.  21,  1894 
June   17,  1890 

Dec."    6,  1887 


Ave.,  Boston,  Mass. 

Electrician  and  Superintendent,  Hali- 
fax Illuminating  and  Motor  Co., 
Ltd.,  34  Bishop  St.,  Halifax,  N.  S.      April  2z,  1891 

H.  B.  Coho  &  Co.,  Electrical  En- 
gineers, 203  Broadway,  New  York 
City. 


Electrical  Engineer,  136  Liberty  St*, 
New  York  City. 

First     Ass't.      Superintendent,     The 
Commercial  Cable  Co.,  Hazel  Hill, 

N.  S. 

Electrician  and  Inventor,  1503  Seventh 
Ave.,  Oakland,  Cal. 

President,  Interior  Telephone  Co.,  203 
Broadway,  New  York  City. 


Mar.  21,  1894 
June    17,  1890 

Oct.  21,  1890 
May  19,  1891 
April  18,  1894 


ASSOCIATE  MEMBERS 
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Name. 

CoMPTON,  Alfred  G. 


Address. 
Professor    of    Applied    Mathematics, 
College  of  the  City  of  New  York, 
17  Lexington  Ave.,  New  York  City. 

Monadnock  Building.  Chicago,  III. 

Electrical  Engineer,  Superintendent, 
Northern  Improvement  Co.,  591 
Hood  St.,  Portland,  Ore. 

Consulting  Engineer,  114  Chandler 
St.,  Boston,  Mass. 

Electrical  Engineer,  Hamilton,  O. 

Assistant  Electrical  Engineer,  The 
Eddy  Electric  Mfg.  Co.,  Windsor, 
Conn. 

Professor  of  Electrical  Engineering, 
University  of  California,  Berkeley, 
Cal. 

Student  in  Electrical  ^Engineering. 
Columbia  College;  resi<knce,  50 
East  31st  St.,  New  York  City. 

Assistant  Treasurer,  Western  Elec- 
tric Co.,  227  South  Clinton  St., 
Residence,  4438  Ellis  Ave.  Chi- 
cago, 111. 

Manager  Electrical  Department  H.  W. 
Johns  Manufacturing  Co.,  87 
Maiden  Lane,  New  York  City; 
residence,  24  Halstead  PI.,  East 
Orange,  N.  J. 

President  and  General  Manager, 
Creagbead  Engineering  Co.,  296 
Plum  St.,  Cincinnati,  O. 

Crkhorb,  Albert  C,  Ph,D,  Assistant  Professor  of  Physics, 
Dartmouth  College,  Hanover, 
N.  H. 


COMSTOCK,  Louis  K. 
CoouDGE,  Charles  A. 

Corey,  Fred.  B. 

Cornell,  Chas.  L. 
Corson,  Wiluam  R.  C. 

Cory,  Clarence  L. 

Cox,  Edmund  V. 

Crandall,  Chester  D. 

Crane,  W.  F.  D. 


Creaghead,  Thomas  J. 


Crews,  J.  W. 

Criggal,  John  E. 
Crosby,  Oscar  T. 
Croxton,  A.  L. 
Cumner,  Arthur  B. 

Cuntz,  Johannes  H. 

Curtis,  Chas.  G. 
Gushing,  F.  W. 


Manager,  Southern  Bell  Telephone 
and  Telegraph  Co  ,  Telephone  Ex- 
change, Norfolk,  Va. 

Electrician,  138  Bloomfield  Ave.,  New- 
ark, N.  J. 

White  •Crosby  Co.,  29  Broadway,  New 
York  City. 

Electrical  Engineer,  Standard  Electric 
Co.,  7118  Drexel  Ave.,  Chicago,  III. 

Senior  Member,  firm  of'  Cumner. 
Craig  &  Co.,  69  Broad  St.,  Boston, 
Mass. 

Assistant  to  President  Henry  Morton, 
Stevens  Institute  of  Technology, 
325  Hudson  St  ,  Hoboken,  N.  J. 

President,  Curtis  Electric  Mfg.  Co., 
Box  412,  New  York  City, 

Electrical  Engineer,  1 106  The  Rookery, 
Chicago,  111. 


Dau  of  Electioo. 

Nov.  I,  1887 

Dec.  30,  1893 

April  19,  1892 

Dec.  30,  1893 

Feb.  7  1890 

Jan.  17,  1893 

April  19,  1892 

Jan.  16,  1895 

Sept.  27,  189a 

Feb.  7,  1888 

Sept.  30,  1893 

Dec.  31,  1892 

Sept.  19,  1894 

June  20,  1894 

Mar.  18,  [890 

June  20,  1894 

Feb.  27,  1895 

Mar.  5,  1889 

April  15,  1884 

Nov.  24,  1 89 1 
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Name.  Addre«.  Date  of  Election. 

Gushing,  Harry  Cooke,  Jr.  Electrical  Inspector,  Boston  Board 
of  Fire  Underwriters,  55  Kilby  St.; 
Residence,  259  Beacon  St.,  Boston, 
Mass.  Sept.  19,  1894 

CusHMAN,  HOLBROOK  Instructor  in  Physics.  Columbia  Col- 
lege. 337  West  22d  St.,  New  York 
City.  June     5,  1888 

daCunha,  Mangel  Ignacio  Manager  of  the  Electrical  Section, 
Emprera  Industrial'  Gram- Para, 
Para,  U.  S.  of  Brazil.  May    x6,  1893 

Dame.  Frank  L.  Engineer,  General  Electric  Co.,  Port- 

land, Ore.  June   26,  1891 

Dana,  R.  K.  Agent,   Washburn   and    Moen*  Mfg. 

Co.,  16  Cliflf  St.,  New  York  City.         April  15,  1884 

Darlington,  Frederic  W.  Consulting  Electrical  and  Mechani- 
cal Engineer, .  503  Girard  Building, 
Philadelphia,  Pa.  Sept.  19,  1894 

Davenport,  C.  G.  Expert  and  Agent,  General   Electric 

Co.,  44  Broad  St.,  New  York  City.      Nov.   2Z,  1891 

Davenport,  George  W.   61  Ames  Bldg.,  Boston,  Mass.  June     4,  1889 

Davidson,  Edw.  C.  Patent    Lawyer,    Room    179    Times 

Bldg.,  New  York  City.  Feb.     7,  1890 

Davis,  Delamore  L.  Superintendent.  Salem  Electric  Light 
and  Power  Co.,  299  Lincoln  Ave., 
Salem,  O.  April    2,  1889 

Davis,  Joseph  P.  Engineer,  American  Bell  Telephone 

Co.,  113   W.  38th   St.,  New  York 
City.  April  15,  1884 

Decker,  Dklbert  H.  Solicitor  of  Patents,  with  H.  C. 
Townsend,  5  Beekman  St.,  New 
York  City.  '        Sept.  20,  1893 

deRhotinsky,  Capt.  Achilles,  Late  Chief  Electrician  and 
Torpedo  Officer,  Imperial  Russian 
Navy,  Marlboro,  Mass.  Oct.    27,  1891 

deLancey.  Darragh  Manager  of  Kodak  Park  Works,  East- 
man Kodak  Co.,  Rochester,  N.  Y.       Sept.  19.  1894 

DeLand,  Fred  Publisher.  Electrical  Engineerings  436 

The  Rookery,  Chicago.  111.  Feb.    16,  189a 

Denison,  Sylvester  P.  143  Centre  St.,  New  York  City;  resi- 
dence, Belleville,  N.  J.  Jan.    16,  1895 

Denton,  James  E.  Professor  of  Experimental  Mechanics, 

Stevens    Institute    of    Technology, 
Hoboken,  N.J.  July    12,  1887 

Desmond,  Jere.  A.  Electrical  Engineer,  Kingston,  N.  Y.       Jan.    19,  1892 

Dey,  Harry  E.  342  Tenth  St.,  Brooklyn,  N.  Y.  Dec.    19,  1894 

DiCKERSON,  E.  N.  Attomey-at-Law,  64  E.  34th  St.,  New 

York  City.  April  15,  1884 

DoANE,  S.  Everett  68  Park  PI.,  Newark,  N.  J.  Aug.     6,  1889 

DoBBiE,  Robert  S.  Electrical    Engineer,    43    Wellington 

Park,  Clifton.  Bristol,  Eng.  Feb.      5,  1889 

Dodge,  Prof,  Omenzo  G.,  U.  S.  Navy,  Navy  Dep't,  Washings 

ton,  D.  C.  Sept.  20,  1893 


ASSOCIATE  MEMBERS 


Name. 

DoliMBRQUB,  Franz  J. 


Address.  Date  of  Election^ 

Chief  Draughtsman,  Chicago  Tele- 
phone Co.;  residence,  71  Potomac 
Ave.,  Chicago,  III.  Oct.     17,  1894 


DooLiTTLB,  Clakence  £.     Manager    and    Electrician.  Roaring 
Fork  Electric  Light  and  Power  Co., 
Aspen,  Colo. 

DoOLiTTLE,  Thomas  B.  Engineering  Department.  American 
Bell  Telephone  Co.,  125  Milk  St., 
Boston,  Mass. 


M,D,  PhM,  59  W.  51st  St.,  New 
York  City. 

Electrical  Engineer,  General  Electric 
Co.,  Monadnock  Building,  Chicago, 
111. 

Engineer,  Public  Lighting  Commis- 
sion, Detroit,  Mich. 

Dressler.,  Charles  E.      17  Lexington  Ave.,  New  York  City. 

Drysdale,  William  A.    Consulting  Electrical  Engineer,  Hale 
Building,  Philadelphia,  Pa. 


Doremus,  Charles  A. 
Dorr,  Frank  H. 

Dow,  Alex 


Electrician,  Laboratory  Fort  Wayne 
Electric  Corporation,  407  Broadway, 
Fort  Wayne,  Ind. 

Electrician.  Care  of  Pacific  Electric 
dan,  San  Francisco,  Cal. 

Electrician,  Gas  Engine  Plants  lor 
Electric  Light  and  Heat,  39  Cort- 
landt  St.;  residence,  115  East  26th 
St.,  New  York  City. 

Vice-Pres't  Bell  Telephone  Co.,  of  Mo., 
5 EI  No.  4th  St.,  St.  Louis.  Mo. 

Dyer,  Francis  Maron  Associate  Engineer  with  Chas.  L. 
Eidlitz,  10  West  23d  St  ;  residence, 
355  Lenox  Ave.,  New  York  City. 

Eddy,  H.  C.  Salesman.  Western  Electric  Co.,  Room 

22.  170  I^  Salle  St.,  Chicago,  111. 

Eden,  Morton  Edward  Electrical  Inspector.  Western  District 
the  Underwriters'  Association  of 
the    Middle   Department.    Philadel- 


Duncan,  Thomas 

Dunn,  Kingslby  G. 
DuRANT,  Edward 

DuRANT,  Geo.  F. 


May    15,  1894 

May    16,  1893 
July      7,  1884 

May    15,  1894 

Sept.  so,  1893 
Dec     16,  1890 

Sept.  19,  1894 

Oct.     17,  1894 
Oct.    17,  1894 

Nov.    15,  1892 
April  15,  1884 

Sept.  19,  1894 
June  20,  1894 


Edwards,  James  P. 
Eglin,  Wm.  C.  L. 

Eidlitz,  Chas.  L. 
Ekstrom,  Axel 


phia,  Pa. ;  residence,  83  Fourth  Ave. , 

Pittsburg,  Pa.  Sept.  19,  1894 

Electrical  Enf^^neer,  1569  Walton  Way, 

Augusta.  Ga.  April  19,  1892 

Chief  of  Electrical  Department.  Edison 
Electric  Light  Co..  909  Walnut  St.; 
residence,  4230  Chester  Ave.,  Phila- 
delphia, Pa.  Sept.   19,  1893 

10  West  23d  St.:  residence,  1185 
MadisoQ  Ave  ,  New  York  City.  Sept.  19,  1894 

Electrical  Engineer,  General  Electric 
Co.;  residence,  92  Hamilton  Ave., 
Lynn,  Mass.  June   17,  1890 


1KH 


A8800IATE  MEMBERS 


Name. 
Eley,  Harris  H. 


Addn 


Ellicott,  Edward  B. 


Electrical  Workshop  Supt.  W.  C.  &  S. 
W.  Telephone  Co..  88  Colston  St.. 
Bristol,  En^. 

Superintendent  of  Construction,  West- 
ern Electric  Co..  4438  Ellis  Ave., 
Chicago,  111. 

Elmer.  William.  Jr.  Firm  of  Elmer  &  Hall.  Consulting  and 
Contracting  Electrical  Engineers. 
25-26  Forst-Richey  Building.  Tren- 
ton, N.  J. 

Ely,  Wm.  Grosvenor,  Jr.     239  5th  St.,  Niagara  Falls,  N.  Y. 

Emmet,  Herman  L.  R.  Publisher  and  Printer,  36  Cortlandt 
St.,  New  York  City. 

Electrical  Engineer,  Accumulatoren 
Fabrik,  Hagen,  Westphalia,  Gcr- 
many. 


Entz,  Justus  B. 


Erickson,  F.  Wm. 


EssicK,  Samuel  V. 


Edison  Electric  Illuminating  Co.,  3 
Head  Place,  Boston,  Mass. 

Electrician,  The  Essick  Printing  Tel. 
Co..  Yonkers,  N.  Y. 

Etheridge,  Chas.  Locke    Chicago  Telephone  Co.:  residence. 
4714  Kenwood  Ave.,  Chicago,  111. 

Etheridge,  E.  L.  Electrician,    with    Equipment    Dep't, 

Navy    Yard ;     residence,    66    No. 
Oxford  St.,  Brooklyn,  N.  Y. 

Eyre,  M.  K.  Assistant  to  Manager  of  Lamp  Sales, 

General  Electric  Co.,  Harrison,  N.  J. 

Farnsworth,  Arthur  J.    Chief  Engineer,  Larchmont  Electric 
Co.,  Mamaroneck,  N.  Y. 

Fay,  Thomas  J.  "C.  &  C."  Electric  Co.,  143  Liberty 

St..  New  York  City. 

Chemist  and  Assayer,  Virginia  City, 
Nev. 

Engineer  for  Tramway  Construction, 
I^iblic  Works  Department,  Sydney, 
N.  S.  W. 

General  Electric  Co.,  Lynn,  Mass. 

Electrician  and  Director  of  Elec.  and 
Chem.  Laboratories;  The  Standard 
Underground  Cable  Co.,  Pittsburg, 
Pa. 

Electrician,  45  E.  22d  St.,  New  York 
City. 

Electrical  Engineer,  General  Electric 
Co.,  Lynn.  Mass. 

252  West  85th  St.,  New  York  City. 

Flagg,  Stanley  G.,  Jr.   Stanley  G.   Flagg  &  Co..   19th  St., 
and  Penna.  Ave.,  Philadelphia,  Pa. 

Flanagan,  Thomas  Francis    Supt.  and  Electrician.  Portsmouth 
Gas  Light  Co.,  Portsmouth,  N.  H 

F lather,  John  J.  Professor  of  Mechanical  Engineering, 

Purdue  University,  Lafayette,  Ind. 


Fielding.  Frank  £. 

[Life  Member.] 

Fischer,  Gustave  J. 


Fish,  Walter  C. 
Fisher,  Henry  W. 


FiSKE,  Henry  G. 
FiSKE,  J.  P.  B. 
Flack,  J.  Day 


Date  of  Elecikm. 

Jan.  7.  1890 

Sept.  19,  1894 

Mar.  18,  1890 

Mar.  21,  1893 

April  15,  1884 

Jan-  7,  ligQ 

Sep.  19,  1894 

May  19.  1 891 

Oct.  17,  1894 

Dec.  ao.  1893 

Oct.  17.  1894 

Jan.  16.  1895 

June  26.  1 891 

Sept.  6,  1887 

Jan.  20,  1891 

June  26,  1 891 

Jan.  16,  1895 

Nov.  12,  1889 

June  17,  1890 

Dec.  6,  1887 

April  18,  1893 

Jan.  17,  1894 

April  19,  1892 
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Name. 

Flegel,  Geo.  C. 
Fleming,  Richard 

(Flesch,  Chaeles 

IFlint,  Berteam  p. 

Flood,  J.  F. 

Floy,  Henry 

FooTE,  Allen  R. 

FooTE,  Charles  W. 

Foote,  Thos.  H. 

Forbes,  Francis 
Forbes,  George 

Ford,  Wm.  S. 

Francisco,  M.  J. 
Frantzen,  Arthur 


Address. 
East  Chicas^o,  Ind. 

Electrician,  Navy  Yard,  N.  Y.;  resi- 
dence, Jamaica,  N.  Y. 

Electrical  Engineer,  Allgemeine  Elek- 
tricitats-Gesellschaft,  22  Schiffbauer- 
damm,  Berlin,  N.  W.  Germany. 

Electrical  and  Mechanical  Engineer, 
with  Chas.  H.  Davis,  120  Broadway, 
New  York  City. 

Sup*t  Steubenville  Street  Railway  Co., 
Steubenville,  O. 

Westinghousc  Electric  and  Mfg.  Co., 
Pittsburg,  Pa. 

Special  Agent,  Electrical  Industries, 
U.  S.  Census.  Takoma  Park,  D.  C. 


Consulting       Electrical 
Pomona,  Cal. 


Engineer, 


Consulting  Electrical  Engineer,  215 
West  125th  St.,  New  York  City. 

Lawyer,  32  Nassau  St.,  New  York  City. 

Electrical  Engineer,  34  Great  George 
St.,  London,  Eng. 

Assistant  to  Chief  Engineer,  The 
American  Bell  Telephone  Co., 
Room  73,  125  Milk  St.,  Boston, 
Mass. 

President  and  General  Manager,  Rut- 
land Electric  Light  Co.,  Rutland, 
Vt. 

Frantzen  &  Bennett,  Electrical  Con- 
tractors, 84  La  Salle  St.,  Chicago, 
111. 

Frbedman,  William  H.  Tutor  in  Electrical  Engineering, 
School  of  Mines,  Columbia  College; 
residence,  120  W.  125th  St.,  New 
York  City. 

French,  Prof.  Thomas,  Jr.  Ph,D.  Avondale,  Cincinnati,  O. 

Frey,  Charles  P.  Electrician.  The  E.  S.  (Greeley  &  Co., 

5  and  7  Dey  St.,  New  York  City. 

Fridenberg,  Henry  Leslie,  M,  E.  Stanley  Mfg.  Co.,  (Meter 
Dept.,)  Pittsfield,  Mass. 


Frost,  Francis  R. 

Frye,  Henry  W. 
Fuller,  Frank  G. 

Fuller,  Levi  K. 

Oallaher,  Edward  B. 

<iALLETLY,  J.  FrED. 


Westinghouse  Electric  and  Mfg.  Co., 
427  South  Ave.,  Wilkinsburg,  Pa. 

Clayton,  New  Mexico 

Salesman,    with   W.    R.    Brixey,   203 
Broadway,  New  York  City. 

Vice-President,     Estey    Organ     Co., 
Brattleboro,  Vt. 

Electrical   Engineer,  253   Broadway, 
room  910;  residence,  1190  Madison, 
Ave.,  New  York  City. 
Electrician,  Swift  &  Co.,  Chicago,  111. 


Date  of  Ekctioa. 
Sept.  20,  1893 

Oct.    18,  1893 


Sept.  27,  1892 

Jan.     17,  1894 

Mar.  18,  1890 

May    17,  1892 

April  21,  1891 

Sept.  22,  1 891 

April  21,  1 891 
Sept.  16,  1890 

Feb.    21.  1894 

June  7,  1892 
June  17,  1890 
Feb.  21,  1894 

Mar.  18,  1890 
Sept.  20,  1893 

June  6,  1893 

Jan.  16,  1895 

Dec.  20,  1893 
May  16,  1893 

Oct.  19,  1894 

Mar.   5,  1889 


Jan.  19,  1895 
Mar.  21,  1894 
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Gerry,  M.  H.,  Jr. 

Gerson,  Louis  Jay 

Gesseaume,  Charles 

Giles,  Walter  A. 

GiLLILAND,  E.  T. 
Glading,  Frank  W. 


Name.  Addrew. 

Gardanibr,  George  W.  Electrician,  Western  Union  Tele- 
graph Co..  195  Broadway,  New 
York  City. 

Gerry,  Edward  M .  Western  Electrical  Instrument  Co. ,  1 14 

William  St.;  residence,  181  Wash- 
ington St.,  Newark,  N.  J. 

Gerry,  James  H.  Superintendent,     The     Self-Winding 

Clock  Co.,  163  Grand  Ave.,  Brook- 
lyn, N.  Y. 

Engineer,  St.  Paul  Office,  General 
Electric  Co.,  3333  Cedar  Ave., 
Minneapolis,  Minn. 

President  and  Electrical  Engineer, 
The  Gerson  Electrical  Co.,  8c^  San- 
som  St.,  Philadelphia,  Pa. 

Draughtsman,  78  Sheffield  St.,  New- 
aric,  N.  J. 

Goubert  Mfg.  Co.,  29  Cortlandt  St., 
New  York  City. 

Pelham  Manor,  N.  Y. 

I  DeWilt  Ave. .  Ithaca,  N.  Y. 

Gladstone,  James  Wm.  Manager,  Edison  Mfg.  Co.,  no  East 
23d  St.;  residence.  West  Orange, 
N.J. 

Goldmark,  Chas.  J.  Electrical  Engineer,  49  Liberty  St., 

and  473  Park  Ave.,  New  York  City. 

GOLDSBOROUGH,  WINDER  E.,  M,E.,  Associate  Professor  of  Elec- 
trical Engineering,  Purdue  Univer- 
sity, Lafayette.  Ind. 

Civil  Engineer,  Belmont,  N.  Y. 

Tutor  in  Physics,  Columbia  College, 
residence,  339  Lexington  Ave.,  New 
York  City. 

GossLER,  Philip  G.  Electrical   Engineer.  United   Electric 

Light  and    Power  Co.,  108  Fulton 
St.,  New  York  City. 

Graham,  George  Wallace  Secretary,  Interior  Telephone  Co., 
203  Broadway,  New  York;  resi- 
dence, 163  Hicks  St.,  Brooklyn, 
N.  Y. 

Gray,  W.  N.  Electrical  Engineer,  200  Neave  Build* 

ing,  Cincinnati,  O. 

Griffin,  Capt.  Eugene  First  Vice-President,  General  Electric 
Co.,  Schenectady,  N.  Y.;  residence, 
323  State  St  ,  Albany,  N.  Y. 

Electrician,  Tennessee  Coal,  Iron  and 
R.R.  Co.,  Ensley,  Ala. 

Electrician     and    Chemist,    Ansonia 

Brass    and    Copper    Co.,  Ansonia, 

Conn. 
Secretary,  The   New  York  Electrical 

Society,    534  Temple    Court,    New 

York  City. 


Gorton,  Charles 
Gordon,  Reginald 


Gross,  S.  Ross 
Grower,  George  G 

Guy,  George  Heli 


Date  of  ElectKm. 
April  18,  1893 

Feb.    21,  1894 

April  18,  1894 

April  18,  1893 

Sept.  19,  1S94 

Feb.    21,  1894 

Nov.  I,  1887 
April  15,  1884 
May    15,  1894 

April  18,  1894 
June      5,  i88ft 

Mar.  21,  1893 
Nov.    12,  1889 

Feb.    24,  1 891 

June   20,  1894 

Dec.  19,  1894 
Oct.      I,  188^ 

Feb.  7,  1890 
May    17,  i89» 

Mar.  x8,  1890 
May    16,  1895. 
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Name. 
Hadaway,  W.  S.,  Jr. 


Hadley,  Arthur  L. 

Hadlby,  Warren,  B. 
Hall,  Edward  J. 

Hall,  Edwin  H. 
Hall,  Wiijliam  P. 

Halsey,  Wiluam  B. 

Hammatt,  Clarence  S. 

Hancock*  L.  M. 

Handley,  Arthur 
Harding,  H.  McL. 
Harrington,  Walter  E. 

Harris,  George  H. 

Harrison,  Harold 

Hart,  Francis  R. 

Hartman,  Herbert  T. 

Hatzel,  J.  C. 

Haviland,  Foster  L. 
Heath,  Harry  E. 

Healy,  Louis  W. 

Hedenberg,  Wm.  L. 


AddroM.  Date  of  Election. 

Electrician,  Central  Electric  Heatinfi^ 
Co.,  26  Cortlandt  St.,  New  York 
City.  Nov.  21,  1894 

Assistant  Electrician  to  Chief  Electri- 
cian and  Gen']  Supt.,  Fort  Wavne 
Electric  Corporation,  149  Gri^ith 
St.,  Fort  Wayne,  Ind.  Oct.     17,  1894 

30  Cortlandt  St„  New  York  City.  June   26,  1891 

Vice-President  and  General  Manager, 
American  Telephone  and  Telegraph 
Co.,  18  Cortlandt  St  ,  New  York 
City.  April  18,  1893 

Assistant  Professor  of  Physics,  Har- 
vard College,  Gorham  St.,  Cam- 
bridge, Mass.  Sept    3,  1889 

President,  The  Hall  Signal  Co.,  Vice- 
President  The  Johnson  Railroad 
Signal  Co..  80  Broadway.  New  York 
City.  Sept  16,  1890 

Electrician  and  Horologist,  246  Elton 
St.,  Brooklyn.  N.  Y.  Mar.    18,  1890 

Supt.,  Jacksonville  Electric  Light  Co., 
Jacksonville,  Fla.  Sept  20,  1893 

With  Western  Electric  Co.,  227  South 
Clinton  St,  Chicago,  III.  May    19,  1 891 

[Address  unknown.]  Dec.    16,  1890 

253  Broadway,  New  York  City.  May    24,  X887 

Electric  Railway  Engineer,  307  Mar- 
ket St,  Camden,  N.  J.  Mar.    17,  X89X 

Superintendent,    Electric   Car  Shops, 

Birmingham.  Ala.  June  20,  1894 

New  York  Representative.  Slater 
Engine  Co.,  Montclair,  N.  J.  Feb.    2i,  1894 

President  and  General  Manager,  Carta- 
gena-Magdalena  Railway  Co..  care 
of  Old  Colony  Trust  Co.,  i  Court 
St.,  Boston,  Mass.  April  21,  1891 

Works  Engineer,  Peterborough  Fac- 
tory, Canadian  General  Electric  Co., 
Peterborough,  Ont.  Mar.    Si,  1893 

Electrical  Engineer  and  Contractor, 
114  Fifth  Ave.,  New  York  City.  Sept.     3,  1889 

163  St.  Nicholas  Ave. ,  New  York  City.     May    15.  1894 

Chief  Draughtsman,  Eddy  Electric 
Mfg.  Co.,  Box  i8q,  Windsor,  Conn.     Mar,  21.  1893 

The  Westinghouse  Electric  and  Mfg. 

Co.,  Pittsburg,  Pa.  June  26,  1891 

Firm  of  Hedenberg  &  Kinsey,  Con- 
suiting  and  Constructing  Engin- 
eers, 108  Fulton  St.;  residence,  83 
Clinton  Place,  New  York  City.  Nov.  21,  1894 
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Name.  Addren.  Date  of  Election. 

Hbnshaw,  Frederick  V.  Electrical  Engineer.  The  **C.  &  C." 
Electric  Co.,  Garwood;  P.  O.  Wcst- 
6eld,  N.  J.  Feb.     5.  1889 

Hewitt,  William  R.  Superintendent,  Fire  Alarm  and  Police 
'i>legraph,  9  Brenham  Place,  San 
Francisco,  Cal.  May    is*  1894 

Hewlett,  Edward  M.  Electrical  Engineer,  Railway  Dept. 
General  Electric  Co.,  Schenectady, 
N.  Y.  May    19.  189Z 

HiGGiNS,  Eugene  Electrical  Engineer,  Springport,  Mich.    April  19,  1892 

Hill,  George,  C.E.         Consulting    Engineer,   44    Broadway, 

New  York  City.  April  19,  1892 

HoBART,  Henry  M.  Engineer,  General  Electric  Co.,  Sche- 

nectady, N.  Y.  April  18.  1894 

Hochhausen,  William     Electrician,  74  Hanson  PL,  Brooklyn, 

N.  Y.  April  15.  1884 

HoLBERTON,  GEORGE  C.  Electrical  Engineer,  General  Electric 
Co..  15  First  St.,  San  Francisco, 
Cal.  May    15,  1894 

HOLCOMB,  Eugene  R.       [Address  unknown.]  June   17,1890 

Hollerith,  Herman        Hollerith  Electric  Tabulating  System, 

1054  31st  St.,  Washington,  D.  C.         Sept.  19,  1894 

Holt,  Marmaduke  Burrell,  Mining  and  Electrical  Engineer, 

Silvcrton,  Col.  April  15,  1890 

Hood,  Ralph  O.  Electrical   Engineer,  15  Federal  St., 

Boston,  Mass.  April  18,  1894 

HowsoN,  Hubert  Patent  Lawyer.  38  Park  Row,  New 

York  City.  June     8.  1887 

Hubbard,  William  C.  Engineering  Department,  Marks-Ay er 
Electric  Co..  73  Walt  St..  New  York 
City;  residence.  109  West  5th  St., 
Plainficld,  N.  J.  April  x8.  1894 

Hubley,  G.  Wilbur  Electrical  Engineer,  Louisville  Electric 
Light  Co. ;  residence,  Kenton  Club, 
Louisville.  Ky.  Sept.   19,  1894 

HUBRECHT,  Dr.  H.  F.  R.  Director,  Nederlandschc  Bell  Tele- 
phone Co.,  Amsterdam,  Holland.  Oct.      4,  1887 

Hudson,  John  E.  President,  The  American  Bell  Tele- 

phone Co.,  125    Milk   St.,  Boston. 
Mass.  Dec.    20,  1893 

Humphreys,  C.  J.  R.  Manager,  Lawrence  Gas  Co.,  and 
Edison  Electrical  III.  Co.,  Law- 
rence. Mass.  Sept.     6,  1887 

Humphreys,  Prof.  Wm.  J.  Washington   College,  Chestertown, 

Md.  April  18,  1893 

Hunt,  Arthur  L.  Electrician,     Utica    State     Hospital, 

Utica,  N.  V.  Sept,   19,  1894 

Hutchinson,  Frederick  L.  Electrical  Engineer  with  Westing, 
house  Electric  and  Mfg.  Ca,  East 
Pittsburg,  Pa.  June   20,  1894 

I  dell,  Frank  E.  Havemeyer  Building,  26Cortlandt  St., 

New  York  City.  July    12.  1887 
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Name. 

Ihlder,  John  D. 

Ingold,  Eugene 

Insull,  Samuel 

iwadare,  kunihiko 

Izard,  £.  M. 

Jaeger,  Charles  L. 
Johnson,  J.  N. 

Johnston,  W.  J. 

Jones,  F.  R. 

Jones,  Arthur  W. 

JuDsoN,  Wm.  Pier  son 
Kammsyer,  Carl  £. 

Keeper,  Edwin  S. 

Keilholtz,  p.  O. 

Keller,  Chas.  L. 
Keller,  E.  E. 

Keller,  Edwin  K.,  Jlf,£. 


Address. 
Electrical  Engineer,  Otis  Electric  Co. , 
Yonkers,  N.  Y, 

Consulting  Engineer  and  Expert,  1669 
Second  Ave.,  Pittsburg,  Pa. 

President,  Chicago  Edison  Co.,  513 
Rookery,  Chicago,  111. 

Electrician,  Osaka  Electric  Light  Co., 
Osaka,  Japan. 

Electrical  Engineer,  Room  1409,  315 
Dearborn  St.,  Chicago,  111. 

Inventor,  Maywood,  N.  J. 

Care  Palmetto  Milling  and  Com.  Co., 
Columbia,  S.  C. 

TM£  Electrical  World,  253  Broadway. 
New  York  City. 

Professor  of  Machine  Design,  Uni- 
versity of  Wisconsin,  Madison,  Wis. 

Care  of  H.  H.  Kingsbury,  Sydney, 
N.  S.  W. 

U.  S.  Civil  Engineer.  Oswego,  N.  Y. 

Western  Manager  the  Electrical  En- 
gineer ^  1439  Monadnock  Block, 
Chicago,  111 

Supt.  of  Electric  Light  Construction, 
Western  Electric  Co.,  22  Thames  St., 
New  York  City;    residence,    Eliza- 
beth, N.  J. 

U.  S.  Electric  Power  and  Light  Co., 
HoUiday  and  Centre  Sts. ,  Baltimore, 
Md. 

Chicago  Telephone  Co.;  Residence, 
5940  East  End  Ave. ,  Chicago,  111. 

Vice-Prest.  and  General  Manager, 
Westinghouse  Machine  Co ,  224 
Murtland  Ave.,  Pittsburg,  Pa. 

Mechanical  and  Electrical  Engineer, 
Falkenau  Engineering  Co.,  Ltd., 
12  iO  Betz  Building,  4823  Springfield 
Ave.,  Philadelphia.  Pa. 

Kellogg,  James  W.,  M,E»  General  Electric  Co.,  Lighting 
Dept.,  Schenectady,  N.  Y, 

Kennelly.  a.  E.  (Manager,^  Electrician,  Firm  of  Hous- 

ton &  Kennelly,  1105-1106  Betz 
Bldg..  Philadelphia,  Pa. 

Kimball,  Dr.  Alonzo  S.  Professor  of  Physics,  and  Electrical 
Engineering,  Worcester  Polytechnic 
Institute,  Worcester,  Mass. 


Kinney,  Harry  A. 

KiRKEGAARD,  GEORG 


Manager,  Acme  Storage  Battery  Co., 
St.  Louis,  Mo. 

Electrical    Experimental    Shop,    329 
Union  St.,  Brooklyn,  N.  Y. 


Date  of  ElecdoD. 
Oct.  2,  1888^ 
April  18,  1894^ 
Dec.  7,  1886 
Sept.  20,  1893 

Mar.  5,  1889. 
Dec.   20,  1895 

Sept.  20,  1893. 

April  15,  1884 

May    20,  1890 

Oct.  17.  1894 
June     8, 1887 

Sept.    19,  1894 

April  18,  1894 

Mar.  21,  1893 
Oct.     17,  1894 

Sept.  20,  1893 

Mar.  21,  1894 
June  26,  1 891 

May  I,  1888' 

Sept.  3,  1889* 
Mar.  18,  1890' 
Sept.  20,  1893 
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Name. 

KiftKLAND,  John  W. 
Knox,  Fr.ank  H. 
Knox,  Jambs  Mason 

Kreidler,  W.  a. 

Land,  Frank 
Lane,  Vance 

Lanphear,  Burton  S, 
Lanman,  William  H. 


AddreM. 
Electrical    Knjcinecr,  General    Electric 
Co.,  Schenectady,  N.  Y. 

White-Cnwby  Co.,  21 16  N.  Charles 
St.,  Baltimore.  Md. 

Student  in  Electrical  Engineering, 
Columbia  College.  School  of  Mines; 
Residence.  33  West  129th  St.,  New 
York  City. 

Editor  and  Publisher,  IVestem  EUc- 
triciau,  6  Lakeside  Building,  Chi- 
cago, 111. 

Globe  Hotel,  Syracuse.  N.  Y. 

Manager  and  Superintendent  Con- 
struction, Nebraska  Telephone  Co., 
Omaha,  Neb. 

Fellow  and  Graduate  Student  in  Elec- 
trical Engineering,  Cornell  Univer- 
sity; residence,  106  Union  Ave., 
Ithaca.  N.  Y. 

Patent  Dept..  General  Electric  Co., 
44  Broad  St.,  New  York  City. 

Lardner,  Henry  Ackley    Instructor  in  Electrical  Engineer- 
ing, State  College,  Penn. 


Electrical  Engineer,  Chicago  Tele- 
phone Co.,  -203  Washington  St., 
Chicago,  111. 

President  and  Manager,  La  Roche 
Electric  Works,  American  and  Dia- 
mond Sts.,  Residence,  22^^$  N.  i6th 
St.,  Philadelphia,  Pa. 

Roselle,  N.  J. 


Larnrd,  Shbrwood  J. 


La  Roche,  Frkd.  A. 


Lawton,  W.  C. 

LeConte,  Joseph  Nisbet    Instructor  in  Electrical  Engineering, 
State  University,  Berkeley,  Cal. 

Ledoux,  a.  R.,  Af.  S.,  Ph.D,,  9  Cliff  St.,  New  York  City. 

Lee,  John  C.  Chemist    and    Electrician,    American 

Bell  Telephone  Co.,  Mountfort  St., 
Long  wood,  Brookline,  Mass. 

Electrical  Engineer,  Room  510,  Indas^ 
trial  Trust  Bldg.,  Providence,  R.  I. 

Vice-President  and  Manager,  Man- 
hattan Electric  Light  Co.,  Ltd., 
New  York  City;  residence,  343 
Hancock  St.,  Brooklyn,  N.  Y. 

Western  Union  Telegraph  Co.,  195 
Broadway;  residence,  346  Lenox 
Ave.,  New  York  City. 

Superintendent,  and  Electrical  Engin- 
eer, Novelty  Electric  Co.,  54  North 
4th  St.,  Philadelphia,  Pa. 

Assistant  Engineer.  Arc  Light  Dept., 
General  Electric  Co.,  Sio  Lexington 
Ave..  New  York  City. 
Lewis,  Henry  Frederick  William,    Redlands.  48  Sydenham 
Road,  Croydon,  Surrey,  England. 


Lenz,  Charles  Otto 
Leslie,  Edward  A. 

Lester,  William  B. 
Levis,  Minford 
Levy,  Arthur  B. 


Date  of  Election. 

Mar.  21,  1894 

June  20,  1894 

Jan.  17,  1894 

Oct.  4,  1887 
Sept.  22,  1 891 

Dec.  19,  1894 

Jan.  16,  1895 

June  6,  1893 

Dec.  19  1894 

Oct.  17.  1894 

Sept.  19.  1893 

June  6,  1893 

Feb.  27,  1895 

Dec.  7,  1886 

Mar.  18,  1890 

Mar.  15,  1892 

Jan.  16,  1893 

Jan.  16,  1895 

Feb.  21,  1893 

Jan.  20.  1 89 1 

Mar.  5,  1889 
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Addrew.  Date  of  Electum . 

Electrical  Testing  Bureau,  Johns  Hop- 
kins University,  Baltimore,  Md.  Mar.     6,  1888 

Electrical  Inspector.  Underwriters' 
Association  of  Cincinnati,  Wyom- 
ing, O.  '  June   20,  1894 

District  Engineer,  General  Electric 
Co. ,  15  First  St. ,  San  Francisco,  Cal.     Feb.    21,  1894 

Martin  &  Lindner.  Electrical  Engineers, 
Luning  Building.  San  Francisco, 
Cal.,  residence  Berkeley,  Cal.  Dec.    20,  1893 

General  Manager,  Electrical  Engineer 
and  Chemist.  The  Electric  Storage 
Battery  Co.,  Drexel  Bldg.,  Philadel- 
phia, Pa.  June   20,  189^ 

Mechanical  Engineer.  Met.  Tel.  and 
Tel.  Co.,  18  Cortlandt  St..  New 
York  City;  residence,  311  Hudson 
St.,  Hoboken.  Feb.    27,  1895 

Electrical  Engineer,  Bound  Brook, 
N.  J.  Sept.  16,  1890 

Consulting  Electrical  Engineer,  Elec- 
trical Inspector.  Pacific  Insurance 
Union,  303  California  St.,  San  Fran- 
cisco, Cal.  Jan.    17,  1893 

Electrical  Engineer,  Warren  &  Lozier, 
465  Greenwich  St.,  New  York  City.      May    20,  1890 

Crocker- Wheeler  Electric  Co.,  39  Cort- 
landt St..  New  York  City.  June    17,  1890 

Electrical  Engineer,  Interior  Conduit 
and  Insulation  Co.,  44  Broad  St., 
New  York;  residence,  47  Brevoort 
PI.,  Brooklyn,  N.  Y.  Feb.     7,  1890 

LuQUER,  Thatcher,  T.  P      Bedford,  N.  Y.  June  26,  1891 

Lyman,  Chester  WoLCOTT    Manager,    Herkimer    Paper    Co., 

Herkimer,  N.  Y.  Sept.  19,  1894 

Student  in  Electrical  Engineering  at 
Cornell  University,  39  Eddy  St., 
Ithaca,  N.  Y.;  residence,  Middle- 
field,  Conn.  Sept.  19,  1894 
Manager,  Jos.  Lough  Electric  Co., 
503  Fifth  Ave. ;  residence,  407  Lex- 
ington Ave.,  New  York  City.  Feb.   27,  1895 

Nutting  Electric  Mfg.  Co.,  128  So. 
Clinton  St.,  Chicago,  111.  Sept.  27,  1892 

Manager,  Electric  Selector  and  Signal 
Co.,  45  Broadway.  New  York  City.      Mar.    21,  1893 

MacMullan,  Robert  Heath,  Lafayette,  Ind.  Sept.  22,  1891 

Electrical  Engineer  and  Contractor, 
Room  25,  15  Cortlandt  St.,  New 
York  City.  April  15,  1890 

41  and  43  Wall  St.,  New  York  City.        April  15,  1884 

Electrical  Engineer,  Director,  der 
Union  Elektricitats  Gesellschaft, 
Corneliusstr  r.,  Berlin,  W.  Germany.     April    2,  1889 


Name. 

LiEBiG,  Gustav  A„  Jr. 

LiLLEY,  L.  G. 


Lighthipb,  James  A. 
Lindner,  Chas.  T. 

Lloyd.  Herbert 
Lowenherz,  Herman 


LOOMIS,  OSBORN  P. 

Low,  George  P. 

I^oziER,  Robert  T. 
LuFKiN,  Harvey  L. 
LuNDKLL,  Robert 


Lyman,  Jambs 

[Life  Member.] 


MacCulloch,  Robert  C. 

MacFadden,  Carl  K. 
Mackie.  C.  P. 


MacQuesten,  W.  D, 

Madden,  Oscar  E. 
Magee.  Louis  J. 
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Magbi>(is,  James  P. 
Malcolm,  Philips. 
Malia,  James  P. 
Mann,  Francis  P. 
MANsnsLD,  Geo.  W. 
Martin,  A.  J. 
Martin,  Frank 
Martin,  J. 


Addre«. 
Editor.  The  Adams  FretmcM^  Adams, 
Mass. 

Electrical   Engineer   and   Contractor, 
131  Sixth  St.,  Portland,  Ore. 


Electrician,  Armour  &  Co.,  5314 
Union  Ave.,  Chicago,  III. 

Maison  Bregoet,  19  Rue  Didot,  Paris, 
France. 

Electrical  Engineer,  Melrose  High- 
lands, Mass. 

Complete  Electric  Construction  Co., 
121  Liberty  St.,  New  York  City. 

Electrical  Engineer,  Madison  Square 
Garden  Company,  New  York  City. 

Electrician.  16  Oak  St.,  Newark,  N.  J., 
Master  Electrician,  Equipment 
Dept..  New  York  Navy  Yard. 

Martin,  T.  Commbrford  (Past-PrtsUeHt,)  Editor,  The  EUc- 
tfUal  Engineer^  203  Broadway, 
New  York  City. 


Mason,  Jambs  H. 


Electrical     Expert,    10    Fifth     Ave., 
Brooklyn,  N.  Y. 

Matthews,  Charles  P.   Instructor  in  Physics,  Cornell  Univer- 
sity. 211  E.  Stete  St..  Ithaca,  N.  Y. 

Mauro,  Philip  Counsellor  at- Law  in    Patent    Causes 

(Pollock    &    Mauro),    620  F.   St., 
Washington,  D.  C. 


Mayer,  Maxwell  M. 


Mfgr.  of  Dynamos  and  Motors,  411 
107th  St.,  E.  R.;  residence  242 
East  114th  St.,  New  York  City. 

Mayrhofer.  Jos.  Carl  Electrical  Engineer,  165  W.  82d  St., 
New  York  City. 

McBride,  James  Superintendent,  N.  Y.  &  Boston  Dye 

Wood  Co.,  146  Kent  St..  Brooklyn. 
N.  Y. 

McCarthy,  Lawrence  A.  Western  Union  Telegraph  Co.,  New 
York  City,  1053  Bedford  Ave., 
Brooklyn,  N.  Y. 


McClurg.  W,  a. 

McCrosky,  James  W. 
McCrossan,  J.  A. 

McElroy,  James  F. 

McKay,  C.  R. 


Manager,  Electrical  Dept.,  Plainfield 
Gas  and  Electric  Light  Co..  207 
Madison  Ave..  Plaintield,  N.  J 

Electrical  Engineer.  Westinghouse 
Electric  and  Mfg.  Co..  Pittsburg.  Pa. 

Manager  and  Electrician,  Citizens' 
Telephone  and  Electric  Co.,  Rat 
Portage,  Ont. 

Mechanical  Supt.,  The  Consolidated 
Car  Heating  Co.,  131  Lake  Ave., 
Albany,  N.  Y. 

Consulting  Engineer,  140  South  Main 
St.,  Salt  Lake  City,  Utah. 


Date  of  Electiocii 

Sept.  27,  i8<)«: 

Mar.  18,  1890 

June  20,  1894 

June  6,  1893. 

June  2,  1885 

Mar.  15,  1892 

Oct.  21,  1890 

Oct.  21,  1890 

April  15,  1884 

May  19.  18911 

May  16,  1895 

Dec.  21,  189s. 

Feb.  27,  1895 

June  20,  1894: 

Sept.  27,  1892 

Jan.  19.  1891 

Dec.  20,  1893 

Dec.  20.  1893. 

Oct.  18,  1893 

Nov.  15,  1892 

Dec.  20,  1893. 
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Name. 
McKiBBiN,  Georgs  N. 


Address. 
Reed   &   McKibbin,    General    Street 
Railway  Contractors,  80  Broadway, 
New  York  City. 

General  Manager,  Cleveland  Tele- 
phone Co  .  316  Seneca  St.,  Cleve- 
land. O. 

Professor  of  Electrical  Engineerings, 
The  A.  &  M.  College  of  Ala.. 
Auburn,  Ala. 

Professor  of  Physics,  University  of 
Texas,  Austin,  Texas. 

Electrician,  Pacific  Postal  Telegraph 
Co.,  534  Market  St.,  San  Francisco, 
Cal. 

Electrician,  Waterloo  Electric  Co., 
Waterloo,  N.  Y. 

Electrical  Engineer,  Hassou  &  Hunt, 
310  Pine  St.,  San  Francisco,  Cal. 

Electrical  Engineer,  Pierce  &  Miller 
Engineering  Co.,  42  Cortlandt  St., 
New  York  City. 

Assistant  Professor  in  Physics,  Cornell 
University,  Ithaca,  N.  Y. 

Consulting  Eng^ineer,  44  Broad  St., 
New  York  City. 

Civil  and  Consulting  Engineer,  25 
Butler  Exchange,  Providence,  R.  I. 

Miller,  Wm.  C,  Af,  S.     Electrical  Engiueer,    3   South   Hawk 
St.,  Albany.  N.  Y. 

Miner,  Willakd  M.  Electrician  and    Inventor,    339   East 

Second  St.,  Plainfield,  N.  J. 

Mitchell,  John  Murray  Lawyer,  Box  3712.  35  Wall  St..  New 
York  City. 


MCKINSTRY.  J.  P. 

McKissiCK,  A.  F. 

McRae,  Austin  Lee 
Medina,  Frank  P. 

Merger.  Andrew  G. 
Meredith,  Wynn 
Merrill,  E.  A. 

Merritt,  Ernest 
Meyer,  Julius 
Miller,  Joseph  A. 


Mitchell,  Sidney  Z. 

Mix,  Edgar  W. 

Monbll,  Joseph  T. 

Moore,  John  J. 
Mordey,  Wm.  Morris 

Morehouse,  H.  H. 
Morrison,  J.  Frank 


Manager,  Oregon,  Washington  and 
Idaho  Agency,  General  Electric 
Co.,  Fleischner  Building,  Portland, 
Ore. 

Electrician,  with  Thomson- Houston 
International  Electric  Co..  27  Rue 
de  Loudres,  Paris.  France. 

Consulting  Electrical  Engineer,  236 
W   22d  St.,  New  York  City. 

[Address  unknown.] 

Electrician,  Brush  Electrical  Engineer- 
ing Co.,  34  Montserrat  Road,  Put- 
ney, London,  Eng. 

General  Manager  and  Electrician, 
Alumbrado  Electrico  de  Quezalte- 
nango,  Apartado,  No.  44,  Quezalten- 
ango.  Guatemala.  C.  A. 

15  South  St.,  Baltimore,  Md. 
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Date  of  Electioa. 

June 

8,  1887 

April 

15,  1884 

Feb. 

16.  i89» 

May 

17.  189* 

Sept. 

19,  1894 

Sept. 

3.  1889 

Jan. 

17.  1894 

Sept. 

20.  1895 

Sept. 

16,  1890 

Oct. 

25.  1892 

Dec. 

9.  1884 

Oct. 

21.  1890 

July 

12,  1887 

June 

2,  i88s 

Nov. 

12,  188^ 

Sept. 

3,1889' 

Oct. 

27,  1891 

Nov. 

12,  1889 

Sept. 

22,  1891 

Feb. 

21,  1894 

April 

15,  1884 

9U  A880CIATE  MEMBERS 

Name.  Address.  Date  of  Election. 

Morse,  George  H.  910  Wright  Block,  Minneapolis:  resi- 

dence, Excelsior,  Minn.  May    15,  1894 

MoRSS,  Everett  Vice-President,  Simplex  Electric  Co., 

303  Marlboro  St.,  Boston,  Mass  Sept.  22,  1891 

Morton,  Henry,  Pk,D,  President  of  Stevens  Institute  of  Tech- 
nology, iioboken,  N.  J.  May    24,  1887 

Moses,  pR.  Otto  A.  Electrician,    1037    Fifth   Ave.,    New 

York  City.  May     17,  1887 

Moses,  Percjval  Robkrt  Student  of  Electrical  Engineering, 
Columbia  College;  residence,  46 
West  97th  St.,  New  York  City.  Dec.    19,  1894 

Mosscrop,  Wm.  a.,  ^f,E   Electrical  Engineer,  29  Clifton  Place, 

Brooklyn,  N.  Y.  May      7,  1889 

Mott,  S.  D.  Electrical     Engineer    and     Inventor, 

Passaic,  N.  J.  Sept.  20.  1893 

Mottram,  William  T.  M.     Electrical    Engineer,    Room    416, 

Trust  Building,  Dallas,  Tex.  Mar.   21.  1893 

MUNNS,  Chas.  K.  Electrician,  Strowger  Autom.  Tel.  Ex- 

change: residence,  1002  W.  Monroe 
St.,  Chicago,  III.  Nov.  21,  1894 

MusTiN,  Herbkrt  S.  Electrician,    care   of    American   Mfg. 

and  Engineering   Co.,   143   Liberty 
St  ,  New  York  City.  Dec.    20,  1893 

Myers,  Geo.  Francis        Inventive   Engineer,    Penn    Building, 

Pittsburg.  Pa.  June   17,  1890 

Myers,  i..  E.  Secretary  and  Treasurer,  Electrical  In- 

stallation Co.,  917  Monadnock  Build- 
ing. Chicago,  III.  Sept.   19,  1894 

Keiler,  Samuel  G.  1409   Manhattan    Building,   Chicago, 

III.  April  18,  1894 

Newell,  Arthur  J.  Electrical  Engineer,    R.  T.   Oakes  & 

Co.,  366  High  St.,  Holyoke,  Mass       Mar.    18,  1890 

Nicholson,  Walter  W.  General  Supt.  Central  N.  Y.  Tele- 
phone and  Telegraph  Co.,  73 
Howard  Ave.,  Utica,  N.  Y.  May    15,  1894 

Norton,  Elbert  F.  Chief  Inspector,  City  Electrical  Inspec- 

tion, 15  City  Hall,  Chicago,  111.  Dec.    20,  1893 

Noxon,  C.  Per  Lee  Contracting   Electrical  Engineer,  628 

Mission  St.,  San  Francisco,  Cal.  Oct.     17,  1894 

Nunn,  Richard  J.,  M.D.  Physician,  119!  York  St.,  Savannah, 

Ga.  July    12,  1887 

Nutting,  Samuel  E.  Electrician  and  Supt.,  Nutting  Elec- 
tric Mfg.  Co.,  241  South  Scoville 
Ave.,  Oak  Park,  111.  Sept.  20,  1893 

Nyhan,  J.  T.  Superintendent  and  Electrician,  Macon 

and  Indian  Spring  Electric  Railway, 
Macon,  Ga.  Feb.    27,  1895 

Ockershausen,  H.  a.        Electrical  Engineer, 65  Madison  Ave., 

Jersey  City,  N.  J.  Sept.     6,  1887 

O'Connell,  J.  J.  Telephone   Engineer,   Chicago   Tele- 

phone Co ,    Residence,  76  Eugene 
St.,  Chicago.  111.  Oct.     17.  1894 
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Olan,  Theodor,  J.  W. 
Olivetti,  Camillo 


Name.  Address. 

O'Dea,  Michael  Torpry  Professor  of  Applied  Electricity. 
University  of  Notre  Dame,  Notre 
Dame,  Ind. 

Civil  and  Electrical  Enj^neer,  69  West 
49th  St.,  New  York  City. 

Ingegnere  Industriale,  Ivrea,  Italy. 

Osborne,  Loy all  Allen  President,  Osborne  Switch  Co.,  523 
Prudential  Building.  Newark,  N.  J. 

Associate  Editor  Electric  Power^  and 
Post  Graduate  Student  of  Mathe- 
matical  Physics,  Columbia  College; 
residence,  232  East  62nd  St.,  New 
York  City, 

Engineer,  Union  Elektricitats  Gesell- 
schaft,  Kleinbeeren-strasse  21,  Ber- 
lin, S.  W.  Germany. 

Electrical  Engineer,  General  Electric 
Co.,  Schenectady,  N.  V. 

Professor  of  Electrical  Engineering, 
University  of  Nebraska,  Lincoln, 
Neb. 


OSTERBERG,  MAX.   E.E. 

Otten,  Dr.  Jan  D. 

OuDiN,  Maurice 
Owens,  R.  B. 


Page,  A.  D. 
Parcelle,  Albert  L, 
Parker,  Herschel  C. 


Assistant   Manager,    General  Electric 
Co.  Lamp  Works,  Harrison,  N.  J. 

Electrician  and  Inventor,    157   Wash- 
ington St.,  Boston,  Mass. 

Tutor  in  Phvsics,   Columbia  College. 
21  Fort  Green  PI.,  Brooklyn,  N.  Y. 

ParmlyC.  Howard,  S.M.,  E.E.  College  of  the  City  of  New 
York,  17  Lexington  Ave.;  residence, 
344  W.  29th  St.,  New  York  City. 

31  E.  2 1st  St.,  New  York  City. 

Electrician,    172   Remsen  .St.,   Brook- 
lyn. N.  Y. 


Parsell,  Henry  V.,  Jr. 
Paul,  Chas.  M. 


Peck,  Edward  F. 


General  Supt.  Citizens  Electric  Illu- 
minating Co.,  cor.  Rockwell  PI. 
and  DeKalb  Ave.,  Brooklyn.  N.  Y. 

Electrician,  Apartado  403,  City  of 
Mexico,  Mexico. 

Pedersen,  Frederick  Malling  Assistant  Electrical  Engineer, 
Crocker-Wheeler  Electric  Co.,  Am- 
pere, E.  Orange,  N.  J.;  residence, 
327  W.  34th  St.,  New  York  City. 

Assistant  Manager,  Baltimore  Smelt- 
ing and  Rolling  Co.,  Keyser  Bldg, 
German  and  Calvert  Sts.,  Balti- 
more, Md. 


Peck,  Samuel  C. 


Peirce,  Wm.  H. 


Perkins,  Frank  C. 
Perot,  L.  Knowlks 

Petty,  Walter  M. 


Electrical  Engineer  and  Contractor, 
774  Prospect  Ave.,  Buffalo,  N.  Y. 

General  Manager,  Eastern  Engineer- 
ing and  Construction  Co.,  308  Wal- 
nut St..  Philadelphia,  Pa. 

Superintendent  Fire  Alaim  Telegraph, 
Rutherford,  N.  J. 


Date  of  Election. 

June  8,  1887 

May  16,  1893 
Oct.  17,  1894 

Oct.  18,  1893 


Jan.  17,  1894 

Nov.  18,  1890 
June  20,  1894 

June  17,  1890 

Jan.  19,  (892 

Dec.  16,  1891 

April  19,  1892 

Feb.  21,  1893 
Nov.  12,  1889 

May   7,  1889 

May  20,  1890 
Sept.  6,  1887 

Sept.  20,  1893 

Sept.  7,  1888 
Oct.  21,  1890 

Mar.  15,  1892 
May  16,  1893 
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AB8001ATE  MEMBERS 


Address. 
With  Western  UDion  Telegraph  Co., 
195  Broadway,  New  York  City. 

Electrician,  in  charge  of  Electrical 
Plant,  Hon.  Levi  P.  Morton,  Rhine- 
cliff,  N.  Y. 

Manufacturer  Insulated  Electric  Wire, 
Providence,  R.  I. 

Westinghouse  Electric  and  Mfg.  Co., 
East  Pittsburg,  Pa. 

Proprietor  and  Electrician,  The  Chas. 
Plumb  Electrical  Works,  89  Erie  St., 
Buffalo,  N.  Y. 

Care  Electrical  World,  253  Broadway, 
New  York  City. 

PoPK,  Ralph  Wainwright  Secretary  to  the  American  Institute 
of  Electrical  Engineers,  26  Cortlandt 
St.,  (Telephone,  2199  Cortlandt), 
New  York  City ;  residence,  570 
Cherry  St.,  Elizabeth,  N.  J. 

Potts,  Chas.  Edwin, -5.  5.,  ^.  ^.  Engineer,  1356  Dean  St., 
Brooklyn,  N.  Y. 


Name. 

Pfund,  Richard 
Philbrick,  B.  W. 


Phiixifs,  Eugene  F. 


Phillips,  Leo  A. 


Plumb,  Charles 


Poole,  Cecil  P. 


Potter,  Henry  Noel 
Powell,  William  H. 
pRArr,  Charles  A. 

Price,  Chas.  W. 

Prince,  J.  Lloyd 
Privat,  Louis 
Proctor,  Thos.  L. 

Pui-FER,  Wm.  L. 


Electrician,  Steglitzer  Strasse,  10  par- 
terre, Berlin  W.,  Germany. 

Electrical  Engineering  Dep't,  Lehigh 
University,  South  Bethlehem,  Pa, 

Electrical  Engineer.  The  Independent 
Electric  Co.,  39th  St.  and  Stewart 
Ave,.  Chicago,  111. 

Editor  the  Electrical  /Review,  13  Park 
Row,  New  York  City;  residence, 
223  Garfield  Place,  Brooklyn,  N.  Y. 

868  Flatbush  Ave..  (Flatbush  Station). 
Brooklyn,  N.  Y. 

Electrician.  Cicero  Water.  Gas  and 
Electric  Light  Co.,  Oak  Park,  111. 

General  Manager,  Riker  Electric  Motor 
Co.,  Brooklyn;  residence,  Newtown, 
L.  L,  N.  Y. 


Assistant  Professor  of  Electrical  En- 
gineering, xVfass.  Institute  of  Tech- 
nology, Boston,  Mass. 

PupiN,  Dr.  Michael  I.  (Manager.)  Adjunct  Professor  in  Me- 
chanics, Columbia  College,  New 
York  City,  46  W.  yzd  St.,  New  York. 

Columbia  Incandescent  Lamp  Co., 
191 2  Olive  St.,  St.  Louis,  Mo. 


Randall,  John  E 
Randolph,  L.  S. 
Ray,  William  D. 
Read,  Robert  H. 


Professor  of   Mechanical  Engineering, 
Blacksburg,  Va. 

Superintendent  Everett   Railway  and 
Electric  Co.,  Everett,  Washington. 

Firm  of  Pope,    Read  &   Rogers,   39 
Cortlandt  St.,  New  York  City. 


Date  of  ElecdoD. 

April  18,  1893 

May  15,  1894 

July  13.  1889 

Mar.  21,  1894 

June  20,  1894 

Jan.  3,  1888 

June  2,  1885 

Feb.  21,  1894 

Sept.  19,  1894 

June  17, 1890 

Dec.  19,  1894. 

Sept  19,  1894 

Feb.  27,  1895 

Dec.  19,  1894. 

April  18,  1894 

Dec.  20,  1893 

Mar.  18,  189a 

May  7,  1889 

Feb.  21,  1893 

Sept.  27,  1892 

Jan.  19,  1892 
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Name.  Address. 

Rebbr,  Samuel  Lieut.  Signal  Corps,  U.  S.  Army,  Fort 

Riley,  Kan. 

Redman,  Geo.  A.  General  Supt.,  Electric  Dept.,  Brush 

Elec.  Light  Co.,  and  Rochester  Gas 
and  Elec.  Co.,  Rochester,  N.  Y. 

Electrician,  609  Norris  St.,  Phila- 
delphia, Pa. 

Electrician,  Bishop  Gutta  Percha  Co., 
420  East  25th  St.,  New  York  City; 
residence,  88  North  9th  St.,  New- 
ark, N/J. 

Secretary  and  Manager,  Bishop  Gutta- 
percha Co.,  422  East  25th  St.,  New 
York  City;  residence,  88  North  9th 
St.,  Newark,  N.  J.    * 

Electrical  Engineer,  General  Electric 
Co.,  Schenectady,  N.  Y. 

General  Supt.,  N.  Y.  &  N.  J.  Tel.  Co., 
16  Smith  St.,  Brooklyn.  N.  Y. 

[Address  unknown.] 


Rked,  Chas.  J. 
Reed,  Harry  D. 

Reed,  Henrt  A. 

Reid,  Thorburn 
Rbilly,  John  C. 

Reinmann,  a.  L. 

Rennard,  John  Clifford,  A,  B.£,  E.  Assistant  to  Electrical 
Engineer.  Met.  Telephone  and  Tel. 
Co.;  residence,  302  W.  73d  St., 
New  York  City. 

Requier,  a.  Marcel  Electrical  Engineer,  Westinghouse 
Electric  and  Manufacturing  Co., 
Pittsburg,  Pa. 

Rhodes,  S.  Arthur  Electrician,  Chief  Testing  Department, 

Chicago  Telephone  Co.,  Chicago, 
III. ;  residence,  429  North  Pine  Ave., 
Austih,  111. 

Richardson,  Albert  £.  Lecturer  in  Science,  21  Knight's  Park, 
Kingston-on-Thames,  England. 


Richardson,  Robert  E. 

RicKER,  Charles  W. 
Ridley,  A.  E.  Brooke 


RiKER,  Andrew  L. 

[Ufe  Member.] 


Electrical  Engineer,  Pierce  &  Richard- 
son, 1409  Manhattan  Building;  resi- 
dence, 3827  Forest  Ave  ,  Chicago,  HI. 

Expert  Electrical  Engineer,  109  White 
Bldg.,  Buffalo.  N.  Y. 

Agent,  Electrical  Engineer,  Siemens  & 
Halske  Electric  Co.,  so8  California 
St..  San  Francisco.  Cal. 

Electrical  Engineer,  The  Riker  Elec- 
tric Motor  Co.,  45  York  St.,  Brook- 
lyn; residence,  737  Madison  Ave., 
New  York  City. 

Rittenhouse,  Chas.  T.  Post-Graduate  Student,  Columbia  Col- 
lege, 247  W.  138th  St ,  New  York 
City. 

With  Stone  &  Webster,  4  Post  Office 
Sq.,  Boston,  Mass 


RoBB,  Russell 
Roberson,  Oliver  R. 


Electrician,  Western  Union  Telegraph 
Co. ,  195  Broadway,  P.  O.  Box  856, 
New  York  City. 


Date  of  Electaon. 

Sept.  20^  1893 

Feb.  27,  1895 

Mar.  5.  1889 

Sept.  19,  1894 

June  4,  1889 

Oct.  21,  1890 

April  15,  1884 

June  8,  1887 

Jan.  16,  1895 

Dec.  20,  1893 

Oct.  17,  i»94 

Feb.  21,  1894 

Sept.  19,  1894 

May  15,  1894 

Nov.  21,  1894 

Nov.  I,  1887 

Feb.  21,  1894 

Oct.  18,  1893 

Dec.  20,  1895 
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Name. 
ROBKKTS,  Wm.  H. 

Robinson.  Almon 


Robinson,  Francis  C). 


Rodman,  Sami-el,  Jr. 


Address. 
15  Harrison  St.,  Cincinnati,  O. 

Draughtsman,  Expert  in  Methods  of 
Gearing,  P.  O.  Box  943.  Lewiston, 
Me. 

Foreman,  Bushwick  and  Union  Ave. 
Depots.  Brooklyn  Heights  R.  R. 
Co.:  residence,  156  Macon  St., 
Brooklyn,  N.  Y. 

(I^te  1st  Lieut.,  2nd  U.  S  Artillery), 
Electrician  and  Expert  in  High  Ex- 
plosives. Room  106,  Pullman,  Bldg., 
Chicago,  111. 

RoKBLiNG,  Ferdinand  \V.  Manufacturer    of     Electrical    Wires 
and  Cables,  Trenton,  N.  J. 

Captain,  Corps  of  Engineers  U.S.  A., 
99  Madison  St.,  Memphis.  Tenn. 

Patent  Lawyer,  Firm  of  Pope.  Read  & 
Rogers,  New  Haven.  Conn. 


roessler,  s.  w. 
Rogers,  Edward  H 
Roller,  John  E. 


Roper,  Dennky  W. 


Lieut.  U.  S.  N.,  in  charge  of  Inspec- 
tion and  Installation,  U.  S.  Navy 
Yard,  New  York:  residence,  515 
Clinton  Ave..  Brooklyn,  N.  Y. 

Expert  Department,  General  Electric 
Co.,  302    Union   St.,   Schenectady, 

N.  Y. 

Rosebrugh,  Thomas  Reeve  Lecturer  in  Electrical  Engineering, 
.School  of  Practical  Science,  Toronto, 
Ont. 

RosENBAUM,  Wm,  A.  Electrical  Expert  and  Patent  Solicitor, 

177    Times    Building,    New    York 
Cily. 

Rosenberg,  E.  M.  Engineers'  Department,  Broadway  and 

7lh  Ave.  Railroad :    residence,  784 
Lexington  Ave.,  New  York  City. 

Rowland,  Arthur  John  Professor  of  Electrical  Engineering, 
Drexel  Institute:  residence.  4007 
Powelton  Ave. ,  Philadelphia,  Pa. 

Professor  of  Physics.  Johns  Hopkins 
University,  Baltimore.  Md. 

Electrician  and  Patent  Solicitor,  1410 
Pennsylvania  Ave.,  Washington, 
D.  C. 


Rowland,  Henry  A. 


RoYCE,  Fred  W. 


Rutherford,  W.  M. 


Ryan,  Harris,  J. 


Sachs,  Joseph 


Sackett,  Ward  M. 


Chief  Engineer,  Canadian  General 
Electric  Co.,  65  Front  St.,  W.  To- 
ronto, Can. 

(Manager.)  Professor  of  Electrical 
Engineering,  Cornell  University, 
Ithaca,  N.  Y. 

Devising  and  Consulting  Electrical 
Engineer,  32  Nassau  St.,  New  York 
City. 

Assistant  Chief  Draughtsman,  Chicago 
Telephone  Co..  residence  3240 
Groveland  Ave.,  Chicago,  III. 


Date  of  Election. 
Sept.   19,  1894 

Sept.     6,  1887 

Nov.   21.  1894 

Sept.  16,  1890 
June  8,  1887 
Dec.  3,  1889 
Sept.  22,  Z891 

Sept.  19,  1894 

June  6,  1893 

June  26,  1891 

Jan.  3.  1889 

Oct.  21,  1890 

Sept.  19,  1894 
Mar.    21,  1894 

April  15,  1884 

Sept.   22,  1891 

Oct.      4,  1887 

Mar.    15,  1892 

Oct,  17,  1894. 
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Name. 

Sage,  Henry  Judson 


Sahuuca,  Dr,  Johann 
Sanborn,  Francis  N. 
Sanderson,  Edwin  N. 

Saxelby,  Frederick 
ScHEPFLER,  Fred.  A. 

ScHEiBLR,  Albert 

ScHLossBR,  Fred.  G. 

ScHMiD,  Albert 
ScifOBN,  Allen  McGee 

ScHREiTER,  Heine,  C,E. 
Searing,  Lewis 

Srarles,  a.  L. 

See,  a.  B. 

Seely,  J.  A. 

Seitzinger,  Harry  M. 

Sklden,  R.  L.,  Jr. 
Serrell,  Lemuel  Wm. 

Sever,  George  F. 
Serva,  a.  a. 


Address.  Date  of  Election. 

Engineer,  Lighting  and  Power  Dept. , 
Western  Electric  Co.,  227  So.  Clin- 
ton St. :  residence,  4467  Oakenwald 
Ave  ,  Chicago,  III.  Dec.    20,  1893 

Docent  of  Electrotechnics,  Technische 

Hochschule,  Vienna,  Austria  Dec.    20.  1893 

Assistant  Superintendent,  Susquehanna 
Coal  Co.,  Nanticoke,  Pa.  Nov.    24,  1891 

New  England  Manager.  Westinghouse 
Electric  and  Mfg.  Co.,  328  Exchange 
Building.  Boston,  Mass.:  residence, 
Newton  Centre.  Mass.  Oct.    17,  1894 

Electrical  Engineer.  288  Summer  Ave., 

Newark.  N.  J.  June     5,  1889 

Stiriing  Boiler  Co.,  126  Liberty  St., 
New  York  City:  residence,  Passaic, 
N.  J.  May    16,  1893 

Secretary  and  Assistant,  with  George 
Cutter,  486  North  Park  Ave., 
Chicago,   111.  June   20,  1894 

Superintendent  of  Electric  Dept.,  La- 
clede Gas  Light  Co.,  1038  Leffing- 
weil  Ave.,  St.  lA>uis,  .Mo.  Sept.  22,  1891 

Superintendent,  Westinghouse  Electric 

and  Mfg.  Co..  Pittsburg,  Pa.  Oct.    21,  1890 

Electrician,  South  Eastern  Tariff  As- 
sociation, Fitten  Building,  Atlanta, 
Ga.  Sept.  20,  i8£9. 

Editor,"/?^  Trchniker*'  11  Chambers 

St,  New  York  City.  Jan.     17,  1893 

Shepard  &  .Searing,  Mechanical  and 
Electrical  Engineers,  842-3  Equita- 
ble Building,  Denver,  Col.  April    3,  1888 

Engineering  Dept.,  The  Marks- Ay er 
Electric  Co.,  73  Watt  St  ,  New  York 
City  and  291  7th  Ave.,  Brooklyn, 
N.  Y.  April  18,  1894 

A.  B.  See  Manufacturing  Co.,  116 
Front  St.:  residence,  X07  East  19th 
St.,  (Flatbush),  Brooklyn,  N.  Y.  Jan.     17,  1893 

Electrical   Engineer  and    Contractor, 

121  Liberty  St.,  New  York  City.  April  15,  1884 

Consulting  and  Constructing  Engineer, 

6  Northampton  St.,  Wilkesbarre,  Pa.     Sept.  20,1893 

Deep  River,  Conn.  Jan.    17,  1893 

Mechanical  and  Electrical  Engineer, 
253  Broadway,  New  York  City.  Nov.     i,  1887 

Instructor  in  Electrical  Engineering, 
Columbia  College,  34  West  32nd 
St.,  New  York  City.  Jan.     17,  1894 

With  Fort  Wayne  Electric  Corpora- 
tion, 29  West  Jefferson  St.,  Fort 
Wayne,  Ind  Dec.    20,  1893 
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Address. 
136  Liberty  St.,  New  York  City. 

Instructor,  Department  of  Physics, 
Cornell  University,  122  University 
Ave.,  Ithaca.  N.  Y. 

Sheble  &  Parton,  Ltd.,  1022  Arch  St  , 
Philadelphia,  Pa. 

Professor  of  Physics  and  Applied  Elec- 
tricity, Marietta  College;  residence, 
512  Fourth  St..  Marietta,  Ohio. 

Engineer  and  Inventor,  570  Park  Ave., 
New  York  City. 

Shepardson,  George  D.  Professor  of  Electrical  Engineering, 
University  of  Minnesota,  Minne- 
apolis, Minn. 


Name. 

Shain,  Charles  D. 
Sharp,  Clayton  H. 


Sheble,  Franklin 


Shedd,  John  C. 


Shbehy,  Robert  J. 


Shields.  W.  J. 
Shradbr,  William 

Sinclair,  H.  A. 

SisE,  Charles  K. 


Shields  &  Wood,  829  Arch  St.,  Phila- 
delphia, Pa. 

Professor  of  Electrical  Engineering, 
University  of  Missouri,  Columbia, 
Mo. 

Electrical  Engineer,  The  Tucker  Elec- 
tric Co.,  950  Bedford  Ave.,  Brook- 
lyn. N.  V. 

President.  Bell  Telephone  Co.,  of 
Canada.  P.  O.  Box  1918,  Montreal, 
Canada. 

Sladf,  Arthur  J., /"A./?.  Engineer,  with  George  Hill,  44 
Broadway;  residence,  62  East  66th 
St.,  New  York  City. 

Slater,  Frederick  K.  Designing  Department,  Otis  Bros.  & 
Co..  153  Warburton  Ave.,  Yonkcrs, 

N.  Y. 

Smith,  Charles  Hrnry   Box  346,  Rome,  Ga. 

Smith,  Frank  E.  Chief  Electrician,  Edison   Light  and 

Power  Co.,  229  Stevenson  St.,  San 
Francisco,  Cal. 

Smith,  Frederick  H.  Civil  Engineer,  216  Equiuble  Bldg., 
Baltimore.  Md. 

Smith,  Harold  Babbitt  Professor  of  Electrical  Engineering, 
Purdue  University,  164  Columbia 
St.,  Lafayette.  Ind. 

Supt.  and  Electrician.  Manchester 
Electric  Light  Co.,  142  Merrimack 
St.,  Manchester,  N.  H. 

Superintendent  Fire  Alarm  Telegraph, 
122  W.  73d  St.,  New  York  City. 

President  and  Mechanical  Engineer, 
Ferracute  Machine  Co.,  Lochwold, 
Bridgeton,  N.  J. 

Manager  Electrical  Dept.,  The  E.  S. 
Greeley  &  Co.,  7  Dey  St.,  New 
York  Cit^, 

Sovza,  Carlos  Monteiro  e    [Address  unknown.] 


Smith,  J.  Brodie 

Smith,  J.  Elliot 
Smith,  Oberlin 

Smith,  T.  Jarrard 


Dace  of  Electioa. 
June     7.  i«9« 


May    15,  1894 
Oct.    21,  1890 

Dec.    19.  1894 
April  21,  1 891 

April  21,  1891 
Sept.  19.  1894 

Sept.  20,  1893 

June   17,  1890 

June     8,  1887 

Sept.  19,  1894 

Oct.    17,  1894 
Jan.     17,  1894 

Sept    19.  1894 
Nov.   12,  1889 

Nov.  24,  1891 

Mar.    21,  1894 
April  15,  1884 

May    19,  1 891 

April  19,  1892 
Sept.  6,  1887 
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Name. 
•Spencer,  Theodore 

Spicer,  Chas.  W. 
Spike,  Clarence  J. 
Sprague,  Frank  J. 


Sprout,  Sidney  S. 
Spruson,  Wilfred  J. 


Address. 
With  Bell  Telephone  Co.,  406  Market 
St.,  Philadelphia,  Pa. 

1054  31st  St.,  Washington.  D.  C. 

Halifax,  N.  S. 

{Past- President.)  182  West  End  Ave.. 
Vice-Prest.  Sprague  Electric  Ele- 
vator Co..  Firm  of  Sprague,  Duncan 
&  Hutchinson,  Postal  Telegraph 
hldg.,   253   Broadway.    New    York 

'    City 

Electrical  Engineer,  303  California  St., 
San  Francisco,  Cal. 

Member  of  the  6rm  of  Hepburn  & 
Spruson,  Consulting  Engineers  and 
Electricians,  169  King  St  ,  Sydney, 
Australia. 

Sqimer,  George  O.,  Ph.D.     ist  Lieut.,  3d   Artillery,  Fortress 
Monroe,  Va. 


[Address  unknown.] 

Creusot  Works,  Creusot,  France. 

Electrician,  Pittsfield,  Mass. 

Treasurer.  Mountain  Electric  Co.,  Box 
1545,  Denver,  Col. 

General  Supt.,  Canadian  General  Elec- 
tric Co.,  Ltd.,  Peterboro,  Ont. 

Secretary  and  Treasurer.  La  Roche 
Electric  Works,  American  and  Dia- 
mond Sts.;  residence,  1419  Walnut 
St.,  Philadelphia,  Pa. 

Director    Electrical    Dept.,   Armour 
Institute,  Chicago,  111. 

Patent  Attorney,  Room  114,  39  Cort- 
landt  St ,  New  York  City. 

32  Liberty  St  ,  New  York  City;  resi- 
dence. Lakewood,  N.  J. 

With  Firm  of  Stone  &  Webster,  4 
P.  O.  Sq.,  Boston,  Mass. 

Professor  of  Electrical  Engineering, 
University  of  Vt. ,  Burlington,  Vt. 

Electrician,  U.  S.  Electric  Light  Co., 
213  14th  St.,  N.  W.,  Washington, 
D.  C. 

Electrical  Engineer,  Westinghouse 
Electric  and  Mfg.  Co.;  residence, 
157  Larimer  Ave.,  East  Liberty, 
Pittsburg,  Pa. 

Box  959,  Hartford,  Conn. 

General  Manager,  Street  Railway 
Gazette,  26  Cortlandt  St.,  New  York 
City. 

^turtevant,  Charles  L.  Patent   Attorney,   Atlantic    Building, 
Washington.  D.  C. 


Stadrlman,  Wm.  a. 
Stahl,  Th. 
Stanley,  William 
Stearns,  Joel  W.,  Jr. 

Stephens,  George 

Stkvens,  J.  Pr\nklin 

Stine,  Prof.  Wilbur  M. 
Stockbridge,  Geo.  H. 
Stockly,  Geo.  W. 
Stone,  Charles  A. 
Storrs,  Prof.  H.  A. 
Stratton,  Milton  G. 

Strauss,  Hrrman  A. 


Strong,  Frederick  G. 
Stump,  Cijirence  E. 


Date  of  Election. 

Mar.  21,  1893 
Nov.  12,  1889 
Mar.  18,  1890 


May  24,  1887 
Jan.  17,  1894 

Dec.  16,  1890 

May  19,  189T 
Feb.  7,  1890 
Nov.  15,  1892 
Dec.  6,  1887 

June  20,  1894 

June  20,  1894 

Sept.  19,  1894 

May  15,  1894 

May  24,  1887 

April  15,  1884 

May  19,  1 891 

Mar.  21,  1893 

Sept.  20.  1893 

Oct.  17,  1894 
Oct.  27,  1 891 

May  17,  1887 
Dec.  20,  L893 
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ASSOCIATE  MEMBERS 


Sykes,  Henry  H. 


Taker,  Robert  B. 


Name.  Address. 

Summers,  Iceland  L.         Electrical  Engineer,  436  The  Rookery, 
^  Chicago,  ill. 

SvENTORZRTZKY,  Capt.  Loudomir  Military  Engineering  Acad- 
emy, St.  Petersburg,  Russia. 

SwKNsoN,  Bernard  Victor  Instructor  in  Electrical  Engineer- 
ing, University  of  Illinois,  Cham- 
paign, III. 

SwRET,  Henry  N.  Chief    of    Patent    Bureau,    Thomson 

Electric  Welding  Co.,  4  Spruce  St  , 
Boston,  Mass. 

Assistant  Electrician,  American  Tele- 
phone and  Telegraph  Co.,  75  Hicks 
St.,  Brooklyn.  N.  Y. 

Gas  Engineer,  Special  Agent  General 
Electric  Co.,  620  .Atlantic  Ave., 
Boston,  Mass. 

Tait,  Frank  M.  Superintendent,    Catasauqua    Electric 

Light  and    Power  Co.,  731  3d  St., 
('atasauqua.  Pa. 

Tapley,  Walter  H.  Electrician   in    Government    Printing 

Office,  care  of  Public  Printer,  Wash- 
ington, D.  C. 

Temple.  William  Chase  Mechanical  and  Electrical  Engineer, 
Lewis  Block,  P.  O.  Box  800,  Pitts- 
burg.  Pa. 

Tesla,  Nikola  Electrical  Engineer  and    Inventor,  35 

So.  5th  Ave.,  New  York  City. 

Thompson,  William  Geo.  MacNeill  Resident  Engineer,  Sault 
Ste.  Marie  Canal,  St.  Catharines. 
Ont. 

Tobey,  William  Roardman  General  Manager,  S.  K.  C.  Spe- 
cialty Co.,  Pittsfield,  Mass 

Toerring,  C.  J.,  Jr.  Electrical  Engineer.  Marks- Ayer  Elec- 

tric Co.,  73  Walt  St.;  residence.  337 
West  59th  St.,  New  York  City. 

Tower,  George  A.  Electrical    Engineer.    The   Sherwood 

4>and  Co.,  and  The  Jefferson  Hotel 
Co.,  109  S.  First  St.,  Richmond,  Va. 

TowNSEND,  Henry  C.  .Attorney  and  Expert  in  Electrical 
Cases,  5  Beekman  St.,  New  York 
City, 

Treadwell,  Augustus,  Jr.  Private  Assistant,  Polytechnic  In- 
stiture,  488  3d  St.,  Brooklyn,  X.  Y. 

Trott,  a,  H.  Hardy 

[Life  Member.] 


Electrical  Expert,  Union  R,  R.  Co., 
Providence,  R.  I. 

Storekeeper.  Sawyer-Man  Electric  Co., 
510  W.  23d  St.,  New  York  City. 

18  Cortlandt  St.,  New  York  City. 

Manager,     Duluth     Telephone     Co., 
Duluth,  Minn. 

Van  Buren,  Gurdon  C.    Electrician  and/ Electrical  Contractor, 
84  Clinton  Ave.,  Albany,  N.  Y. 


TUTTLE,  Geor(;e  W. 

Vail,  Theo.  N. 
Van  Brunt,  Walter 


Date  of  Election. 
Feb.    16,  1892 

Sept.  20,  1893 

Feb.  27,  1895 

May  20,  1890 

Oct.  18.  1893 

Sept.  16,  1890 

Sept.  19,  i89<t 

Oct.  25,  1892" 

May      3,  1887 
June      5,  188& 

July     12,  1887 
Sept.   16,  189a 

April  id,  1894 

May    15.  1894 

July     10,  1888. 

Feb.    21,  1894. 

Jan.    20,  1891. 

Mar.    17,  1891 
April  15,  1884 

Sept.     6,  1887 
Oct.    25,  1892: 


ASSOCIATE  MEMBERS 


Name.  Address. 

Vance,  A.  St.  Clair         [Address  unknown.] 

Vandegrift,  James  A.      Westinghouse  Electric  and  Mfg.  Co., 
Robinson  St.,  Allegheny  City,  Fa. 

Vanderslice,  G.  Hamilton    Westingiiou.se  Electric  and  Mfg. 
Co.,  P.  O.  Box  gii,  Pittsburg,  Pa. 

Van  Vleck,  Frank  President.  Van  Vleck  Tramway  Co., 

Wells    Fargo   Bldg.,  Los  Angeles, 
Cal. 


Van  Wyck,  Philip  V.  R.,  Jr.    981 
City. 

Varley,  Richard,  Jr. 


Madison  Ave.,  New  York 


General  Manager,  Varley  Duplex 
Ma^et  Co.,  62  Cortlandt  St.,  New 
York  City. 

Electrician,  The  Okonite  Co.,  Ltd.; 
residence.  250  Bloom  Beld  Ave., 
Passaic,  N.  J. 

Varnev,  William  Wesley  Attorney  at  l^w,  Electrical  Expert, 
118  East  Lexington  St.:  residence, 
looi  Harlem  Ave.,  Baltimore,  Md. 

With  Dr.  Wm.  E.  Geyer,  as  Labora- 
tory Assistant'.  Stevens  Institute, 
Iloboken,  N.  J. 

Professor  of  Electricity,  Technical 
University,  Schwanthalerstrasse, 
Munchen,  Germany. 

1340  Vanderbilt  Ave.,  New  York  City. 

Telegraph  Office  Manager.  Chesapeake 
&  Ohio  Ry.  Co.,  Box  214,  Hunting- 
ton. W.  Va. 


Varley,  Thomas  W. 


Verley,  Horace  S.  L. 

VoiT,  Dk.  Ernst 

Wacker,  George  G. 
Wallace,  Geo.  S. 


Wallace,  William 

Walter,  Henry  E. 

Wardell,  George  P. 
Wardlaw,  George  A. 
Waring,  Richard  S. 

Waring,  John 
Warner,  Ch.\s.  H. 

Wason,  Chas.  W. 
Wason,  Leonard  C. 


Waterhouse  Frank  G. 


Waters,  Edward  G. 


{Vice-President.^  Wire  Manufacturer, 
Ansonia,  Conn. 

3  Princes  Mansions,  Victoria  St.,  Lon- 
don, Eng. 

103  East  Tenth  St.,  New  York  City. 

412  East  Willow  St.,  Syracuse,  N.  Y. 

Standard  Underground  Cable  Co..  61 
Westinghouse  Bldg.,  Pittsburg,  Pa. 

Waring  Electric  Co.,  Ovid,  N.  Y. 

Consulting  Electrical  Engineer,  50 
Broadway,  New  York  City. 

Electrical  Engineer  and  Purchasing 
Agent,  Cleveland  Electric  R.  R.  Co., 
1762  Euclid  Ave.,  Cleveland,  O. 

Vice-Prest.,  The  Aberthaw  Construc- 
tion Co.,  12  Pearl  St.,  Boston;  resi- 
dence. 199  Harvard  St.,  Brookline, 
Mass. 

Room  6,  302  Asylum  St.,  Hartford, 
Conn. 

Electrical  Engineer,  Pennsylvania 
General  Electric  Co.,  425  Wood 
St.,  Pittsburg.  Pa. 


Date  of  Election, 
April     2,  1889 

Nov.  24,  1 891 

Dec.  19,  1894 

Nov.  16,  1886 
April  21,  1891 

Mar.  18,  1890 

Sept.  19,  1894 

Nov.  21,  1894 

May  17.  1892 

Mar.  2t,  1894 

Sept.  6,  1887 

Oct.  25,  1892 

April  15,  1884 

April  2,  1889 

Nov.  12,  1889 

Jan.  17,  1894 

April  15,  1884 

Dec.  16,  1890 

Dec.  20,  1893 

May  19,  1891 

Dec.  20,  1893 

Sept.  6,  1887 

Mar.  18,  189a 
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A8800IATE  MEMBERS 


Name. 

Watson,  Robert 
"Watts,  H.  Franklin 


Addren. 
Patent  Attorney.  931  F.  St.,  N.  W., 
Washington,  I).  C. 

Electrical   Engineer  and    Contractor, 
Norristown,  Pa. 


"Weaver,  Norman  R.        Box  87,  Selma,  Ala. 

Webster,  Dr.  Arthur  G.  AssisUnt  Professor  of  Physics,  Clark 
University,  936  Main  St.,  Worces- 
ter, Mass. 


Webster,  Edwin  S. 

Wendle,  George  E. 
West,  Julius  Henri k 

Welles,  Francis  R. 

Wharton,  Hugh  M. 

White,  H.  C. 
White,  J.  G. 

White,  Will  F. 

White-Fraser,  Geo. 
Whitmore,  W.  G. 


Firm  of  Stone  &  Webster,  4  P-  O. 
Sq.,  Boston,  Mass. 

2433  North  7th  St.,  Philadelphia,  Pa. 

Engineer,  Handjery  St.,  58  Friedenau. 
Berlin,  Germany. 

Manufacturer,  46  Avenue  de  Breteuil. 
Paris,  France. 

Electrical  Engineer,  Westinghouse 
Electric  and  Mfg.  Co  ,  Room  102, 
800  Broad  St.,  Newark,  N.  J. 

Manager,  Phoenix  Iron  Works  Co., 
15  Cortlandt  St.,  New  York  City. 

J.  G  White  &  Co.,  Electrical  Engi- 
neers and  Contractors,  29  Broadway, 
New  York  City. 

Electrical  Engineer,  Vice-President, 
New  Omaha  T.-H.  Electric  Light 
Co.,  309  So.  13th  St.,  Omaha,  Neb. 

Care  of  John  Stark  &  Co.,  28  Toronto 
St.,  Toronto,  Ont. 

Electrical  Engineer,  General  Electric 
Co.,  Edison  Building,  Box  3067, 
New  York  City. 

81  Milk  St.,  Boston,  Mass. 


"Whitney,  Henry  M. 

LLife  Member.] 

Whittemore,  Charles  F.     Superintendent     and      Electrician, 
Livgro  Lamp  Co.,  Harrison,  N.  J. 


WiGHTMAN,  Merle  J. 
Wiley,  Walter  S. 

Wiley,  Wm.  H. 


Library  Building,  Scran  ton.  Pa. 

Supt.  South  Omaha  Electric  Light, 
Heat  and  Power  Co.,  South  Omaha, 
Neb. 

Scientific  Expert,  53  E.  loth  St.,  New 
York  City. 


Williams,  Arthur  S.       [Address  unknown.] 

^Williams,  Charles  Jr.  Electrician,  100  Sudbury  St.,  Boston, 
Mass. 

Williamson,  G.  DeWitt    Dobbs  Ferry,  N.  V. 

WiNAND,  Paul  A.  N.  Engineer  and  Supt.,  Schleicher, 
Schumm  &  Co.,  3200  Arch  St., 
Philadelphia,  Pa. 

Winchester,  Samuel B.    9  Laurel  St.,  Hotyoke,  Mass. 


Date  of  Election. 
Oct.     21,  1890 

May    20,  1890 
Oct.    25,  189a 

Jan.     19,  1892 

April  21,  1891 
Feb.    21,  1894 

Sept.  20,  1S93 

Sept.     6,  1887 

May    15,  1894 
April  15,  1884 

April     2,  1889 

Feb.      7.  1890 
Sept.  22,  1891 

Mar.    18,  1890 
July    12,  1887 

Sept.  20,  1893 
Mar.     5,  1889 

April  18,  1894 

Feb.      7,  1888 
Nov.  24,  1 891 

April  15,  1884 
April  18,  1893 

June   so,  1894 
May    15,  1894 


ASSOCIATE  MEMBBRS  9d5 

Name.  Address.  Date  of  Election. 

WiNSLOW,  I.  E.  British    Thomson-Houston,    Ltd.,   38 

Parliament  St.,  Westminster,  Lon- 
don, Eng.  Nov.    12,  1889 

WiNTRiNGHAM,  J.  P. '         Theorist.  36  Pine  St  ,  New  York  City, 

and  153  Henry  St.,  Brooklyn,  N.Y.     May      7,  1889 

Wirt,  Herbert  C.  Enj^ineer,  Supply  Department,  General 

Electric  Co.,  Schenectady,  N.  Y.         June   26,  1891 

Wood,  £.  J.  Consulting  Engineer  and  Contractor, 

243  Broadway,  New  York  City.  July    12,  1887- 

Woodward,  Francke  L.  Undergraduate  in  Electrical  Engineer- 
ing, Harvard  University,  22  Perkins 
Hall,  Cambridge,  Mass.  June  26,  1891 

WooLF.  Albert  E.  Electrician  and  Inventor,  Woolf  Elec- 

tric Disinfecting  Co.  of  N.  Y.,  66 
Broad  St.;  residence,  864  Lexing- 
ton Ave.,  New  York  City.  Sept.  x6,  1890 

WoRSWiCK,  A.  E.  Electrical  Engineer,  Mutual  Light  and 

Power  Co  ,  26  Commerce  St  ,  Mont- 
gomery, Ala.  Sept.   20,  1893 

Wray.  J.  Glen  Cable  Tester,  Chicago  Telephone  Co., 

162  Centre  St.,  Chicago,  111.  Sept    20,  1893 

Wright,  John  D.  [Address  unknown.]  Oct.    21,  1890  - 

Yarnall,  V.  H.  Superintendentof  Construction,  White- 

Crosby  Co.,  29  Broadway,  New  York 
City.  May    16,  1893 

ZALiNSKt,  Edmund  L.  Captain  of  Artillery,  U.  S.  A., 
(retired).  The  Century,  7  West  43d 
St.,  New  York  City.  May    17,  1887 

Zimmerman,  Laurence  J.  Electrical  Engineer  and  Inventor, 
57  Pennsylvania  Ave.,  Brooklyn, 
N.  Y.  Mar.   21,  1893, 

Associate  Members,         -  -        651. 

OFFICIAL  STENOGRAPHER 
Ryan,  Richard  W.,  108  Fulton  St.,  New  York  City. 

SUMMARY. 

Honorary  Members, 2 

Members,     ---------  273 

Associate  Members,  -        -  -        -        -      651 

Total        -        .  -      Q26 


GEOGRAPHICAL  DISTRIBUTION. 

(Revised  to  March  ist,  /<Pp5.) 


NORTH    AMERICA. 


UNITED 
ALABAMA. 

Aabuni.~McKissick,  Prof.  A.  F. 
Birming^hani. — Harris,  G.  II. 
Ensley.— Gross,  S.  Ross 
Monts^omery.— Worswick,  A.  K. 
Selma.— Weaver.  N.  R. 


CALIFORNIA. 

Berkeley.— Cory,  Prof.  C.  L. 

Los  Ans^eles. 

Daft,  Leo 

Van  Vleck,  Frank 

Oakland. 

Clement,  Lewis  M.,  1013  Central  Ave. 
Colville.  Frank  C,  1503  Seventh  Ave. 

2 
Palo  Alto.— Perrine.  Prof.  F.  A.  C. 

Pomona.— Foote,  C.  W. 

San  Francisco. 
Barbour,  Fred.  F.,  15  First  St. 
Cartwright,  Fred'k  G.,  41  Stevenson  St. 
Dunn,  K.  G  ,  care  of  Pacific  Electrician. 
Gale,  Horace  B.,  40  California  St. 
Hasson.  W.  F.  C,  310  Pine  St. 
Hewitt,  Wni.  R.,  9  Brenham  Place 
Holberton,  Geo.  C,  15  Fiist  St. 
Lindner,  C.  T.,  106  Market  St. 
Lighthipe,  Jas   A.,  15  First  St. 
Low.  George  P.,    303  California  St. 
Medina.  F.  P.,  534  Market  St. 
Meredith,  Wynn,  310  Pine  St. 
Molera,  E.  J.,  606  Clay  St. 
Noxon,  C.  P.  L.,  628  Mission  St. 
Ridley,  A.  E.  B..  508  California  St. 


STATES. 

San  Francisco.— Continued. 
Smith,  F.  E.,  229  Stevenson  St. 
Sprout,  Sidney,  303  California  St. 


COLORADO. 

Aspen.— Doolittle,  Clarence  E. 

Canon  City.— Slater,  H.  B. 

Denver. 

Searing,  L..  842  Equitable  Building. 
Stearns,  J.  W.,  Jr.,  Mountain  Elec.  Co. 

2 
Pueblo.— Chubbuck,  H.  E. 

Silverton.— Holt,  M.  B. 


CONNECTICUT. 

Ansonia. 

Grower,  George  G. 
Wallace,  Wiliiam. 

a 
Brids^eport. 
Br>ant,  Waldo  C. 
Waddell.  Montgomery 
Waldo,  Dr.  Leonard,  57  Coleman  St, 

3 
Deep  River.— Selden,  R.  L..  Jr. 

Hartford. 

Robb,  Prof.  Wm.  L.,  Trinity  College. 
Strong.  F.  G.,  Box  959. 
Waterhouse,  F.  G.,  302  Asylum  St. 

3 
Middlefield.— Lyman,  James 

Middletown.— Knowles,  E.  R. 
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New  Haven. 
Daniell,  FraDcis  G..  Box  394. 
Rogers,  Edward  H. 

2 

Noroton.— DcIaBeld.  A.  Floyd 

Norwich.— Ely ,W.  G.,  Jr., 297  B'way 
South  Norwalk.— Winchester, A.  £. 
Watcrbury.— Brady,  E.  D.  A. 

Windsor. 

Corson,  William  R.  C. 
Heath.  Harry  E. 
Rodgers,  Howard  S. 


DELAWARE. 

Wilmington. 

Van  Trump,  C.  R.,Wilm.  City  Elec.  Co. 
Hall,  John  L.  300  Market  Street. 


FLORIDA. 
Jacksonville. — Hammatt,  C.  S. 
St.  Augustine.  —Best,  A.  T. 


GEORGIA. 

Atlanta. — Schoen,  A.  M. 
Augusta. — Edwards,  Jas   P. 
Columbus.— Boileau,  W,  E. 


DISTRICT  OF  COLUMBIA. 

.Washington. 

Anderson.  W.  E.,  Pacitic  Building. 
Berliner,  Emile,  Columbia  Road. 
Bliss.  Wm.  J.  A.,  820 Connecticut  Ave. 
Crandall,  J.  E..     619  14th  St.,  N.  W. 
Chamberlain,  F.  H.,  24H  PSt..N.  W. 
Dodge,  Prof.  O.  G.,  Care  of  Navy  Dep't. 
'  Freeman,  Dr.  Frank  L.,  931  F  St. 
Hollerith,  H.,  1054  31st  St. 
Jannus,  Frankland,    928-30  F.  St. 
Mauro.  Philip,  620  F.  St. 
Maynard,  G.  C.  800  H  St.,  N.  W\ 
Millis,  Capt.  John,  Lighthouse  Board. 
Royce.  Fred  W. ,  1410  PennsylvaniaAve. 
Spicer,  C.  W..  1054  31st  St. 
Stratlon,  M.  G.,  213  14th  St..  N.  W. 
Sturtevant,  Charles  L..  Atlantic  Bldg. 
Tapley,  W.  H.,  Gov.  Printing  Office. 
Watson,  Robert,  931  F.  St.,  N.  W. 

18 
Takoma  Park.~Foote,  Allen  R. 


Macon.— Nyhan.  J.  T. 

Rome.— Smith,  C.  H. 

Savannah.  —  Nunn,  Richard  J.  ,i1  A  /?• 


ILLINOIS. 

Alton.— Porter,  J.  F. 

Champaign. 

Shea,  Danl.  W.,  403  W.  Hill  St. 
Swenson,  B.  V.,  University  of  III. 

2 
Chicago. 
Abbott,  Arthur  V.,  203  Washington  St. 
Armstrong,  C.  G  ,  1400  Auditorium  Twr. 
Arnold  Bion  J..  574  The  Rookery 
Badt.  L   Francis  B..  121 5  Monadnock 
Barton,  Enos  M.  227  South  Clinton  St. 
Bell,  Dr..  Louis.  Monadnock  Bldg. 
Comstock,  L.  K  ,    Monadnock  Bldg. 
Crandall.  Chester  D..     4438  Ellis  Ave. 
Croxton,  A.  L.,  71 18  Drexel  Ave. 
Gushing,  F.  W..  1106  The  Rookery. 
Cutter,  George,  851  The  Rookery. 
DeLand,  Fred.,  436  The  Rookery. 
Dommerque,  ¥.  J.,  203  Washington  St. 
Dorr,  Frank  H.,  Monadnock  Block. 
Eddy,  H.  C,  Room  22, 170  La  Salle  St. 
Ellicott.  E.  B.,  227  So.  Clinton  St. 
Etheridge,  C.  L.,  203  Washington  St. 
Frantzen.  Arthur,  84  La  Salle  St. 
Galletly,  J.  Fred..  Care  of  Swift  &  Co. 
Gutmann,  L.,  Care  St.  Railway  Rev. 
Hancock,  L.  M.,  227  So.  Clinton  St. 
Haskins,  Clark  C.  582  W.  Congress  St. 
Hibbard,  Angus  S.  203  Washington  St. 
Insull,  Samuel,  513  Rookery. 
Izard,  E.  M..  315  Dearborn  St. 
Kimmeyer,  C.  L.,  1439  Monadnock. 
Keller,  C.  L.,  203  Washington  St. 
Kreidler,  W.  A.,  6  Lakeside  Building. 
Larned.  S.  J.,  203  Waf^hington  St. 
MacFadden,  Carl  K.,  128  So.  Clinton  St. 
Malia,  J.  P.,  5314  Union  Ave. 
Mayer,  Geo.  M.,  79  Fifth  Ave. 
Munns,  C.  K.,  1002  W.  Monroe  St. 
Myers.  L.  E.,  917  Monadnock  Bldg. 
Neiler,  S.  G.,  1409  Manhattan  Bldg. 
Norton,  E.  F.,    15  City  Hall. 
O'Connell.  J.  J.,  203  Washington  St. 
Pierce,  R.  H.,  1409  Manhattan  Bldg. 
Pratt.  Chas.  A.,  39th  St.  &  Stewart  Ave. 
Rhodes,  S.  A.,  203  Washington  St. 
Richardson,  R.  E..  1409  Manhattan  Bdg 
Rodman.  Sam'l,  Jr.,  106  Pullman  Bldg. 
Sackett.  W.  M.,  203  Washington  St. 
Sage,  Henry  J..  4467  Oaken wald  Ave. 
Schcible,  Albert,  486  North  Park  Ave. 
Stine,  Prof.  W.  M.,  Armour  Institute. 


938         Illinois,  Indiana^  Kansas,  Ky.,  La.,  Maine,  Maryland,  Matt. 


Chicago — Continued. 
Summers,  Leland  L.,  436  Rookery. 
Wait,  Henry  H.,  4919  Madison  Ave. 
Warner,  E.  P.,  227  So.  Clinton  St. 
Wilson,  Charles  II.,  Klonadnock  Bldg^. 
Wray,  J.  G.,  162  Centre  St. 
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His:hiand  Park.—Gray,  Dr.  Elisha 

Oak  Park. 

Bentley,  M.  H. ,  221  Scoville  Ave. 
Nuttinjr,  S. .E.,  241  So.  Scoville  Ave. 
Privat,  I^uis 


INDIANA. 
East  Chicago.— Fleg^el,  G.  C. 

Fort  Wayne. 
Barnes,  Edw.A.  Ft., Wayne  Electric  Co. 
Duncan,  Thos.,  407  Broadway. 
Hadley,  A,  L.,  149  Griffith  St. 
Hunting,  F.  S.,330  W  Washington  St. 
Serva,  A.  A.,  29  W.  Jefferson  St. 

5 

Lafayette. 
Boggs,  Lemuel  S. 
Flather.  J.  J.,  Purdue  University. 
Goldsborough,  W.  E.,  164  Columbia  St. 
MacMullan,  R.  H. 
Smith,  H.  B.,  164  Columbia  St. 

5 

Notre  Dame.— O'Dea,  M.  T. 


KANSAS. 
Fort  Riley.— -Reber,  Lieut.  S. 


KENTUCKY. 
Louisville.— Hubley,  G.  W. 


LOUISIANA. 

New  Orleans. 

Ayrcs,  Brown,     Tulane  University. 
Carroll,  Leigh 


MAINE. 
Lewiston. — Robinson,  Almon 


MARYLAND. 

Baltimore. 
Burton,  W.  C,  1425  Maryland  Ave. 
Duncan,  Dr.  L.,  Johns  Hopkins  Univ. 
Hall,  Clayton  C,     810  Park  Ave, 
Hering.  H.  S.,  2122  Mt.  Royal  Terrace. 
KeilhoItz,P.  O..  U.  S.  E.  P.  &  L.  Co. 
Knox,  F.  H.,  2116  N.  Charles  St. 
Liebig,  G.  A.,  Jr.,  Johns  Hopkins  Univ. 
McCay,    H.    K..     106  E.    German  St. 
Morrison,  J.  Frank.     15  South  St., 
Peircc.  Wm.  H.,     Keyser  Building. 
Ries.  E.  E.,  430  So.  Broadway. 
Rowland,  Prof.  H.  A., 

Johns  Hopkins  University. 
Smith,  F.  H.,  216  EquiUble  Bldg. 
Vamcy,  W.  W.,  118  E.  Lexington  St. 
Young,  C.  G.,  706  Equitable  Bldg. 

Chestertown.->Humphreys,  W.  J. 


MASSACHUSETTS. 
Adams. — Magenis,  James  P. 
Anburndale. — Blake,  Francis 

Boston. 

Adams,  A.  D.,  620  Atlantic  Ave;. 
Almon.  G.  H.,  620  Atlantic  Ave. 
Archbold,  Wm.  K.,328  Exchange  Bldg. 
Berthold.  V.  M..  125  Milk  St. 
Blodgett.  Geo.  W.,     B.  &  A.  R.  R. 
Bubert,  J.  F..  620  Atlantic  Ave. 
Burleigh,  Chas  B.,    620  Atlantic  Ave. 
Burton,  Geo.  D..     194  Washington  St. 
Claflin,  Adams  D.,     116  Bedford  St. 
Coffin,  Chas.  A.,    620  Atlantic  Ave. 
Corey,  Fred.  B.,  114  Chandler  St. 
Craig,  J.  Hally,  69  Broad  St. 
Crosby,  J.  W.,  38  Bedford  St. 
Cross,  Prof.  Chas.  R. ,     Mass.  Institute 

of  Technology. 
Cumner,  A.  B.,  69  Broad  St. 
Gushing,  H.  C,  55  Kilby  St. 
Davenport,  Geo.  W..  61  Ames  Bldg. 
Doolittle,  Thos.  B.,  125  Milk  St. 
Erickson,  F.  Wm.,  3  Head  Place. 
Eustis, Herbert  H.,     61  Hampshire  St. 
Famham,  I.  H.,     125  Milk  Street. 
Ford,  Wm.  S.,     Room  73,  125  Milk  St. 
Hart.  Francis  R.,  i  Court  St. 
Haskins,  Caryl  U.,  620  Atlantic  Ave. 
Hayes.  Hammond  V. ,  42  Famsworth  St. 
Herrick.  Charles  H..  133  Oliver  St. 
Hood,  Ralph  O..  15  Federal  St. 
Hudson.  John  E..  125  Milk  St. 
Lockwood,  Thomas  D.,  125  Milk  St 
Morss.  Everett,  303  Marlboro  St. 
Paine,  F.  B.  H.,  328  Exchange  Bldg. 
Paine,  Sidney  B.,     180  Summer  St. 


'  .A\ 


MataaehvMtU,  Michigan,  Minnaota,  Miuawri,  Montana. 


939 


Bostoo. — Contisued. 
Parcelle.  Albert  L..  157  Washington  St. 
Puffer,  Wm.  L.,  Mass.  Inst,  of  Tech. 
Robb,  Russell,  4  P-  O.  Square. 
Sanderson,  E.  N.,  328  Exchange  Bldg. 
Spaulding,  HoUon  C.  31  Milk  St. 
Stone,  Charles  A.,    4  P-  O.  Square. 
Sweet,  Henry  N.,    4  Spruce  St. 
Taber,  Robert  B.,    620  Atlantic  Ave. 
Webster,  Edwin  S..    4  P.  O.  Square. 
Whitney.  Henry  M.,     81  Milk  St. 
Williams,  Chas.  Jr.,     100  Sudbury  St. 
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Brookline. 
Bliss,D.  M.,i  Davis Ct., Washington  St. 
Lee,  J.  C,     Mountfort  St.  Longwood. 
Wason,  L.  C,   199  Harvard  St. 

3 

Cambridg^e. 
Adams,  C.  A.  Jr.,  13  Farrar  St. 
Hall.  Prof.  Edwin  H.,     Gorham  St. 
Woodward,  F.  L..  22  Perkins  Hall. 

3 

Fall  River.— Beattie.  John,  Jr. 

Holyoke. 

Newell,  Arthur  J.,     366  High  St. 
Winchester,  S.  B.,  9  Laurel  St. 

2 
Jamaica  Plain.— Brophy,  William. 

Lawrence.  —Humphreys,  C.  J.  R. 

Lyon. 

Ekstrom,  Axel,     92  Hamilton  .Ave. 
Everest,  A.  R.,  Thomson  Elcc  Welding 

Co. 
Fish,  Walter  C,     Gen.  Elec.  Co. 
Fiske,  J.  P.  B.,  General  Electric  Co. 
Lemp,  H.  Jr.,  Thomson  Elec.  Welding 

Co. 
Thomson,  Elihu,  General  Electric  Co. 

6 
Marlboro. 
Bottomley.  Harry. 
deKhotinsky,  Capt.  Achilles. 

2 
Melrose  Highlands. 
Mansfield,  Geo.  W. 

Newton  Centre.  -Stearns,  C.  K. 

Pittsfield. 

Chesney,  C.  C,  SUnley  Laboratory. 
Fridenberg,  H.  L.,  Stanley  Mfg.  Co. 
Stanley,  William, 
Tobey,  W.  B.,  Dawes  Ave.  &  High  St. 


Springfield. 
Anderson,  H.  S.,  United  E.  L.  Co. 
Hyde,  Jerome  W. 

Taintor,  G.,  New  England  T.  &  T.  Co. 

3 

Stockbridge.— Field,  Stephen  D. 

Worcester. 

Kimball,  Prof.  A.  S.,  Polytechnic  Inst. 
Webster,  Dr.  A.  G.,  936  Main  St. 

2 


MICHIGAN. 

Calumet.— Bosson,  Fred.  N. 

Detroit. 
Blades,    Harry  H.,  1343-55  Cass  Ave. 
Dow,  Alex,  411  Hammond  Bldg. 
Rae,  Frank  B.,  Home  Bank  Bldg. 
Smith,  Jesse  M.,     36  Moffatt  Plock. 
Wilkes,  G.,  149  Griswold  St. 


Ishpeming^. — Mills,  Frank  P. 
Springport. — Higgins,  Eugene 


5 


MINNESOTA. 
Duluth.— Van  Brunt,  W. 

Minneapolis. 
Brooks,  Morgan,  249  Second  Ave.,  So. 
Gerry,  M.  H..  Jr.  3333  Cedar  Ave. 
Morse,  Geo.  H.,  910  Wright  Block. 
Shepardson,  G.  D.,  Univ.  of  Minn. 

4 
St.  Paul.— Byllesby,  Henry  M. 


MISSOURI. 

Columbia.— Shrader.  Prof.  Wm. 

Kansas  City. 
Blood,  W.  H.,  Jr.     535  Delaware  St. 
Casper,  Louis,  Box  257. 
Weeks,  E.  R.,     National  Bank  of  Kan- 
sas City  Building. 

3 
St.  Louis. 

Durant,  Geo.  F.,  511  No.  4th  St, 
Kinney,  H.  A. 

Randall,  J.  E..  1912  Olive  St. 
Schlosser,  F.  G.,  1038  Leffingwell  Ave. 
4 

MONTANA. 
Great  Falls.— Morrow,  John  T. 
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Ntbraska,  Newida,  New  HampMre,  New  Jer$eff 


NEBRASKA. 

Lincoln.— Owens,  Prof.  R.  B. 

Omaha. 
White,  W.  F.,  309  So.  13th  St. 
Lane,  Vance 

South  Omaha. 
Wiley,  W.  S..  So.  O.  Elec.  Light  Co. 


NEVADA. 
Virg^inia  City.— Fielding,  Frank  E. 


NEW  HAMPSHIRE. 

Hanover. — Crehore,  Dr.  A.  C. 

Manchester. 
Clough,  A.  L.,  Box  114. 
Smith,  J.  Brodie,  142  Merrimack  St. 

Portsmouth.— Flanagan,  T.  F. 


NEW  JERSEY. 

Bayonne  City. 
Bennett,  E.  H.,  Jr.,  17  E.  33d  St. 
Fleming.  Wilfrid  H.,  70  W.  3d  St. 
Uebelacker,  C.  F.,  88  Avenue  C. 

3 

Brids^eton.  —Smith,  Oberlin. 

Bound  Brook. — Loomis,  O.  P. 
Camden. — Harrington,  Walter  E. 

East  Orange. 
Bauer,  W.  F.,  62  Steuben  St. 
Jackson,  F.  E.,  61  So.  Grove  St. 

2 

Elizabeth.— Diehl,  Philip. 

Harrison. 

Eyre.  M.  K. 

Howell,  Wilson  S. 

Marshall,  J.  T. 

Moore,  D.  McF.,  321  Sussex  St. 

Page,  A.  D. 

Whittemore,  C.  F. 

6 
Hoboken 
Cuntz,  Johannes  H.,  325  Hudson  St. 
Denton.  Prof.  J.  E.,  Stevens  Institute. 
Gcyer,  Dr.  Wm.  E.,.      *' 
Morton,  Dr.  H., 
Verley,  Horace  S.  L.,      **  " 


Jersey  City,— Ockershausen,   i 

Lakewood.— Stockly,  Geo.  \V. 

Maywood.— Jaeger,  Chas   I.. 

Montdasr. 
Broadnax.  F.,  47  Christopher  St. 
Harrison,  Harold 

Newark. 
Anthony,  Watson  G.,  32^   Webster 
Atwood.  Geo.  F,, 

Mechanic  and  Lawrence  5< 
Bosch,  Adam.  Fire  Alarm  Tclegraj 
Colby.  Edward  A..  Lock  Box  313. 
Criggal,  J.  E.,  138  Bloomfield  Ave. 
Doane,  S.  Everett,  68  Park  Place. 
Donner.  W.  H.,  241  6th  Ave. 
Gerry,  E.  M.,  114  William  St. 
Gesseaume,  Chas.,  29  Plane  St. 
Heinrich,  Richard  O.,  114  William   *^ 
Howell,  J.  W..  761  High  St. 
Martin.  J.,  16  Oak  St. 
Osborne,' L.  A.,  523  Prudential  Bldg-. 
Saxelby,  Frederick,  288  Summer  Ave 
Weston,  Edward,  114  William  St. 
Wharton.  H.  M.,  800  Broad  St. 

it 

Orang^e. 
Edison,  Thomas  A. 
Upton,  F.  R.  107  Day  St. 

2 

Passaic. 

Alden,  James  S.,  486  River  Drive. 

Mott.  S.  D. 

Variey,  T.  W^,  Okonite  Co. 

3 

Plainfieid. 
Kinsman,  Frank  E. 
McClurg,  W.  A.,  207  Madison  Ave. 
Miner,  Willard  M.,  339  East  Second  St. 

3 

Princeton.— Brackett,  Prof.  C.  F. 

Roselle. — Lawton,  AV.  C. 

Rutherford. 
Buys,  Albert 

Petty,  Walter  M.  j 

2 
Trenton. 
Roebling,  Ferdinand  \V. 
Elmer,  Wm.,  Jr.,  25  Forst  Richey  Bldg. 

2 
South  Orange.— Delany,  P.  B. 

Westfield.— Henshaw,  F.  V. 

West  Hoboken.— Reckenzaun,  F. 


Ifew  Mexico,  Nm  York, 
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NEW  MEXICO. 
Clayton.— Fryc.  H.  W. 


NEW  YORK. 

Albany. 

McElroy,  James  F.,  131  Lake  Ave., 
Miller,  Wm.  C.  3  South  Hawk  St., 
Van  Buren,  Gurdon  C,  84  Clinton  Ave, 

3 
Auburn.— Case,  Willard  E.,  6 Fort  St. 

Bedford.— Luquer,  T.  T.  P. 

Belmont. — Gorton,  Charles. 

Brooklyn. 
Barstow.  W.  S.,  360  Pearl  St. 
Bcrresford,  A.  W.,  197  Van  Buren  St. 
Bliss,  Wm.  L.,  45  York  St. 
Broich,  Jos.,  448  8th  Ave., 
Burnett,  Doug^lass,  42  Livingston  St*., 
Caldwell,  Fordyce  S.,  151  Henry  St., 
Chinnock,  C.  E.,  137  Sixth  Ave,, 
Dey,  Harry  E.,  342  Tenth  StT. 
Etheridge,  E.  L.,  66  No.  Oxford  St. 
Gerry.  J.  H.,  163  Grand  Ave. 
Halsey,  W.  B..  246  Elton  St. 
Hochhausen,  Wm.,  76  Hanson  Place. 
Kirkegaard,  J.  Georg,  329  Union  St. 
Leslie,  £.  A.,  343  Hancock  St. 
Mason,  James  H.,  10  Fifth  Ave. 
Mc Bride,  James,  146  Kent  St., 
McCarthy,  L.  A.,  1053  Bedford  Ave, 
Mosscrop,  Wm  A.,  29  Clifton  Place. 
Parker,  Herschel  C,  21  Fort  Green  PI., 
Paul.  Chas.  M.,  172  Remsen  St  , 
Peck,  E.  F.,  14  Rockwell  I'l. 
Potts,  Chas.  E.,  1356  Dean  St. 
Prince,  J.  Floyd,  868  Flatbush  Ave. 
Proctor,  T.  L.,  45  York  St. 
Reilly,  John  C,  16  Smith  St., 
Riker,  A.  L.,  45  York  St. 
Robinson,  F.  G.,  156  Macon  St. 
Roller,  Lieut.  J.  E.,  515  Clinton  Ave. 
Sargent,  W.  D.,  16  Smith  St.. 
Searle&,  A.  L.,  291  Seventh  Ave. 
See,  A.  B.,  116  Front  St. 
Sheldon,  Dr.  Samuel,  170  State  St.. 
Sinclair,  H.  A  ,  950  Bedford  Ave., 
Svkes,  Henry  H.,  75  Hicks  St. 
Tread  well,  Augustus,  Jr.,  488  3d  St. 
Zimmerman,  L.  J.,  57  Penna.  Ave. 

36 
Bttfialo. 

Perkins,  Frank  C,  774  Prospect  Ave. 
Plumb,  Chas.,  89  Erie  St. 
Ricker,  C.  W.,  109  White  Bldg. 

3 
Cortland.— Dunston,  R.  E. 


Dobbs  Ferry. 
Williamson,  G.  DeWitt. 

Elmira. 
Wolverton,  B.  C,  N.  Y.  &  Pa.  T.  & 

T.  Co., 
Cheney,  F.  A.,  Elmira  Ill'g  Co. 

2 
Garden  City. — Archer,  Geo.  F. 

Greenbttsh.— Pratt  Robert  J. 

Herkimer. — Lyman.  C.  W. 

Ithaca. 

Bedell,  Fred.  Dr.,  117  E.  Buffalo  St. 
Bergholtz,    H.,  Ithaca  Street  Ry.   Co. 
Glading.  F.  W.,  i  DeWitt  Ave. 
Lanphear,  B.  S ,  106  Union  Ave. 
Macfarlane,  Prof.  Alex.,  84  Hcustis  St. 
Matthews,  Chas.  P.,  211  E.  Sute  St. 
Merritt.Prof.  Ernest, Cornell  University. 
Nichols,  Dr.  E.  L.,  Cornell  University. 
Ryan,  Prof.  H.  J.,  Cornell  University 
Sharp,  Clayton  H.,  122  Univ.  Ave. 

10 

Jamaica. 
Fleming,  R. 
Weller,  H.  W. 

2 

Jamestown. — Gifford,  C.  E. 

Kingston. — Desmond,  Jere.  A. 
Long  Island  City.— Shepard,  W.  E. 
Mamaroneck  — Earns  worth,  A.  J. 

New  York  City. 

Agnew,  C.  R.,  23  W.  39th  St. 
Alexander,  Harry,  126  Liberty  St. 
Alexander,  P.  H.,  45  Broadway. 
Anthony,  W.  A.,  5  Beekman  St. 
Ashley,  F.  M.,  136  Liberty  St. 
Auerbacher,  L.  J.,  136  Liberty  St. 
Ayer.  Jas.  I.,  73  Watt  St. 
Barberie,  E.  T.,  159  W.  66th  St. 
Baillard.  E.  V.,  106  Liberty  St, 
Bartlett,  Edw.  E.,  23  Rose  St. 
Barrett,  John  A.,  126  Liberty  St. 
Batchelor,  C,  33  West  Twenty-fifth  St. 
Bates,  J.  H.,  126  Liberty  St. 
Baylis,  R.  N.,  81  Fulton  St. 
Benjamin.  Park,  203  Broadway. 
Bennett,  J.  C„  44  Broad  St. 
Bethell,  U.  N.,  18  Cortlandt  St. 
Bijur,  Jos.,  41  W.  53d  St. 
Binney,  Harold,  38  Park  Row. 
Birdsall,  E.  T.,  18  Broadway. 
Bishop,  James  D  ,  234  W.  29th  St. 
Blake,  Henry  W.,  26  Cortlandt  St. 
Blizard,  Chas.,  66  Broadway. 
Bogart,  A.  Livingston,  22   Union  Sq. 
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New  York  City. — Continued. 
Bogue,  Chas.  J.,  206  Centre  St. 
Bohm.  Ludwig  K.,  117  Nassau  St. 
Boughan,  Edward  L  ,  153  Cedar  St. 
Bourne,  Frank,  26  Cortlandt  St. 
Bradley,  C.  S.,  1919  7th  Ave. 
Brenner,  W.  H.,  39  Cortlandt  St. 
Brixey,  W.  R.,  203  Broadway. 
Brown,  Alex.  S.,  397  St.  Nicholas  Ave. 
Brown,  Alfred  S  ,  19s  Broadway. 
Brown,  £.  D.,  18  Cortlandt  St. 
Brown,  J.  Stanford,  126  Liberty  St. 
Buck.  H.  W.,  14  E.  45th  St. 
Buckingham,  Chas.  L.,  195  Broadway. 
Bunce,  Theo.  D.,  Jr.,  239  E.  27th  St. 
Burke,  Jas.,  203  Broadway. 
Caldwell,  Edw.,  1320  Havemeyer  Bldg. 
Callender,  Romaine,  Decker  Rldg. 
Carichoff,  E.  R.,  253  Broadway. 
Carson,  David  I,,  18  Cortlandt  St. 
Carty,  J.  J.,  18  Cortlandt  St. 
Chamberlain.  J.  C,  135  K.  i8th  St. 
Chandler.  Prof.  C.  F.,  Columbia  Coll. 
Chase,  H.  S.,  136  Liberty  St. 
Clark,  Ernest  P.,  192  Broadway. 
Clark,  Le  Roy,  Jr.,  229  W.  28th  St. 
(Clarke,  Charles  L.,  55  Liberty  St. 
Coho   H.  B.,  203  Broadway. 
Colgate,  Geo.  L.,  136  Liberty  St. 
Colvin,  F.  R  ,  203  Broadway. 
Compton.  A.  G.,   17  Lexington  Ave. 
Cox,  E.  v.,  50  E.  31st  St. 
Craigin,  Henry  A.,  120  Broadway. 
Crane,  W.  F   D.    87  Maiden  Lane. 
Crocker,    Francis  B.,  26  W.  22nd  St. 
Crosby,  O.  T.,  29  Broadway. 
Curtis.  C.  G.,  Box  412. 
Cushman,  Holbrook,  337  West  22d  St. 
Cuttriss,  Chas. .  I  Broad  St. 
Dana,  R.  K.,  i6  Cliff  St 
Davenport,  C.  G.,  44  Broad  St. 
Davidson.  E.  C.  179  Timfes  Bldg. 
Davis,  Charles  H.,  120  Broadway. 
Davis  Joseph  P.,  113  W.  38th  St. 
Davis,  Minor  M  ,  253  Broadway. 
Decker,  D.  H.,  5  Beekman  St. 
Denison,  S   P..  143  Centre  bt. 
Dickerson,  E.  N..  253  Broadway. 
d'Infreville,  Georges,  10  Detibrosses  St 
Doremus,  Dr.  C.  A.   59  W.  51st  St. 
Dressier,  Chas.  E.,  17  Lexington  Ave. 
Dunbar,  F.  W.,  425  W.  22d  St. 
Dunn,  Gano  S.,  223  Central  Park,  West. 
Durant.  Edward,  39  Cortlandt  St. 
Dyer,  F.  M.,  10  W.  23d  St 
Dyer,  R.  N.,  36  Wall  St. 
Eidlitz,  C.  L.,  10  W.  23d  St. 
Emery.  Dr.  Charles  E.,  95  Nassau  St. 
Emmet,   H.   L.   R.,  36  Cortlandt  St. 
Fay,  Thomas  J.,  143  Liberty  St. 
Field,  C  J.,  26  Cortlandt  St. 
Fiske,  Henry  G.,  45  E.  22nd  St. 
—    -    -   ~       252  w.  85th  St. 


Flack, 
Flint, 


c,  J.  Day, 
,  B.  P.,  I 
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New  York  City.— Continued. 
Foote,  Thos.  -H.,  215  W.  125th  St. 
Forbes,  Francis,  32  Nassau  St. 
Foster,  Horatio  A.,  35  Wall  St, 
Frecdman,  Wm.  H.,  120  W.  125th  St. 
Frey.  C.  P.,  5  and  7  Dey  St. 
Fuller,  P.  G.,  203  Broadway. 
Gallaher,  E.  B.,  253  Broadway. 
Gardanier,  George  W.,  195  Broadway. 
Giles,  W.  A.,  29  Cortlandt  St. 
Gladstone,  J.  W.,  no  E.  23d  St. 
Goldmark,  Chas  J.,  49  Liberty  St. 
Gordon,  Reginald,  339  Lexington  Ave. 
Gossler,  P.  G.,  108  Fulton  St. 
Graham,  Geo.  W.,  203  Broadway. 
Guy.  Geo.  H.,  534  Temple  Court, 
Hadaway,  W.  S.,  Jr.,  26  Cortlandt  St. 
Hadley.  W.  B.  30  Cortlandt  St. 
Hall,  Edward  J.,  18  Cortlandt  St. 
Hall,  William  P ,  80  Broadway. 
Hamblet,  James,  195  Broadway. 
Hamilton,  Geo.  A.,  22  Thames  St. 
Hammer,  W.  J.,  1305  Havemeyer  Bldg. 
Harding,  H.  McL.,  253  Broidway. 
Haskins.  C.  H..  66th  St.  &  Boulevard. 
Hatzel,  J.  C,  114  Fifth  Ave. 
Haviland,  F.  L.,  192  Broadway. 
Hayes,  Harry  E.,  153  Cedar  St. 
Hedenberg,  W.  L.,  108  Fulton  St. 
Herzog,  Dr.  F.  Benedict,  30  Broad  St. 
Higgins,  Edward  E.,  26  Cortlandt   St. 
Hill,  George,  44  Broadway. 
Hix,  E.  R  ,  41  Wall  St. 
Holmes,  Franklin  S.,  108  Fulton  St. 
Howson,  Hubert,  38  Park  Row. 
Hubbard,  Wm.  C,  73  Watt  St. 
Hutchinson,  Dr.  Gary  T.,  253  B'way. 
Idell,  Frank  E.,  616  Havemeyer  Bldg. 
Jenks,  W.  J.,  44  Broad  St. 
Jones,  Francis  W.,  253  Broadway. 
Johnston,  W.  J.,  253  Broadway. 
Keefer   E.  S.,  22  Thames  St. 
Knox,  James  M.,  32  W.  129th  St. 
Knudson,  A  A. .  106  Fulton  St. 
Lanman,  Wm.  H..  44  Broad  St. 
Ledoux,  A.  R..  9  Cliff  St. 
Leonard,  H.  Ward.  44  Broad  St. 
Lester,  W.  B.,  195  Broadway. 
Levy.  Arthur  B.,  810  Lexington  Ave. 
Lieb.  1.  W.,  Jr.,  166  W.  97th  St. 
Lloyd',  Robert  McA.,  i  W.  39th  St. 
Lozier,  R.  T.  E.,  465  Greenwich  St. 
Lowenherz.  H  ,  18  Cortlandt  St. 
Lufkin.  Harvey  L.,  39  Cortlandt  St. 
Lundell,  Robert,  44  Broad  St. 
Mackie,  C.  P.,  45  Broadway. 
MacQuesten,  W.  D.,   15  Cortlandt  St. 
Madden,  O.  E..  41  Wall  St. 
Mailloux,  C.  O.,  45  William  St. 
Mansfield,  A.  N.,  153  Cedar  St. 
Marks,  L.  B.,  51  E.  67  St. 
Martin,  A.  J. »  121  Liberty  St. 
Martin,  F.,  Madison  Square  Garden. 
Martin,  T.  Commerford,  203  Broadway. 


Km  York. 
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New  York  City.— Continued. 
Mavcr,  William,  Jr..  31  Nassau  St. 
Mayer.  M.  M.,  4"  I07th  St.,  E.  R. 
Mayrhofer,  J.  C.  165  W.  82d  St 
McKibbin,  George  N»,  80  Broadway. 
Merrill.  E.  A.,  42  CortUndt  St. 
Metcalfe,  George  R.,  343  9*^  Ave. 
Meyer,  Julius,  44  Broad  St. 
Mitchell,  John  Murray.  35  Wall  St. 
Monell,  Joseph  T.,  236  W.  22d  St. 
Moses.  Dr.  Otto  A.,  1037  Fifth  Ave. 
Moses,  P.  R..  46  W.  97th  St. 
Mustin,  H.  S.,  143  Liberty  St. 
Noll,  Augustus,  8  E.  17th  St. 
Olan,  Theo   T.  W.,  69  W.  49th  St. 
Osterberg,  Max,  232  E.  62d  St. 
Parmly,  C.  Howard.  344  W.  29th  St. 
Parsell.  H.  V.,  Jr.,  31  E.  21st  St. 
Pattison,  Frank  A.,  136  Liberty  St. 
Pearson.  F.  S..  621  Broadway. 
Pederscn,  F.  M..  327  W.  34lh  St. 
Perry,  N.  W.,  6  Park  Place. 
Pfund,  Rich'd.  Room  70, 195  Broadway. 
Phelps.  Geo.  M.  203  Broadway. 
Pickemeli.  F.  A.,  153  Cedar  St. 
Poole,  Cecil  P..  253  Broadway. 
Pope,  Franklin  L..  39  Cortlandt  St. 
Pope,  Ralph  W.,  26  Cortlandt  St. 
Price,  C.  W..  13  Park  Row. 
Pupin.  Dr.  Michael  I.,  46  W.  72d  St. 
Read,  Robert  H.,  39  Cortlandt  St. 
Reed.  H.  A.,  420  E.  25th  St. 
Reed,  H.  D..  420  E.  25th  St. 
Rennard,  J.  C,  18  Cortlandt  St. 
Rittenhouse,  C.  T.,  247  W.  138th  St. 
Roberson,  O.  R.,  195  Broadway. 
Rouquette,  W.  F.  B.,  47  Dey  St. 
Rosenbaum.  Wm.  A.,  Times  Building. 
Rosenberg,  £.  M.,  784  Lexington  Ave. 
Sachs,  Joseph,  32  Nassau  St 
ScheflBer.  F.  A.,  126  Liberty  St. 
Schreiter,  Heinr.  11  Chambers  St. 
Seely.  J.  A.,  121  Liberty  St. 
Serrell,  Lemuel  Wm.,  253  Broadway. 
Sever,  Geo.  F.,  34  W.  32d  St. 
Shain,  Charles  D.,  136  Liberty  St. 
Sheehy,  Robert  J.,  570  Park  Ave. 
Slade.  A.  J..  62  E.  66th  St. 
Smith,  J   Elliot,  122  W.  73rd  St. 
Smith,  T.  Jarrard,  7  Dey  St. 
Sprague,  Frank  J.,  253  Broadway. 
Stieringer,  Luther,  68  Broad  St. 
Stockbridge.  Geo.  H.,  39  Cortlandt  St. 
Stump,  C.  E.,  26  Cortlandt  St. 
Taltavall,  Thos  R.,  World  Building. 
Terry,  Chas.  A.,  120  Broadway. 
Tesla,  Nikola,  35  So.  5th  Ave. 
Thompson,  Edward  P..  5  Beekraan  St. 
Toerring,  C.  J..  Jr.,  73  Watt  St. 
Tc^wnsend,  Henry  C,  5  Beekman  St. 
Turner,  Wm.  S.,  47  Times  Building. 
Tuttlc,  George  W.,   510  W.  23rd  St. 
Vail,  J.  H.,  39  Cortlandt  St. 
Vail,  Theo.  N.,  18  Cortlandt  St. 


New  York  City.— Continued. 
Vansize,  William  B.,  253  Broadway. 
Van  Wyck.  P.  V.  R.Jr,,98i  Madison  Av. 
Varley,  Richard,  Jr.,  62  Cortlandt  St. 
Wackcr.  Geo.  G.,  1340  Vandcrbilt  Ave. 
Warden,  Geo.  P.,  103  E.  loth  St. 
Warner,  Chas.  H.,  50  Broadway. 
Waterman,  F.  N.,  120  Broadway. 
Weaver,  W.  D.,  253  Broadway. 
Webb.  Herbert  Laws,  18  Cortlandt  St. 
Wetzler,  Joseph.  203  Broadway. 
Wheeler,  S.  S..  39  Cortlandt  St. 
White,  H.  C,  15  CortUndt  St. 
White,  J.  G.,  29  Broadway. 
Whitmore.  W.  G.,  44  Broad  St. 
Wiley,  Wm.  H.,  53  East  loth  St. 
Wilson,  Fremont,  108  Fulton  St. 
Wintringhara,  J.  P.,  36  Pine  St 
Wolcott.  Townsend,  1002  Bennett  Bldg. 
Wood,  E.  J.,  243  Broadway. 
Woodbridge  J.  L.,  47  Times  Building. 
Woolf.  Albert  E..  66  Broad  St. 
Yamall.  V.  H.,  29  Broadway. 
Zalinski.  Capt.  E.  L.,  7  VV.  43d  St. 
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Official  Stenographer. 
Ryan,  R.  W.,  262  W.  nth  St. 

Oswcg^o.— Judson,  Wm.  Pierson. 
Ovid. — Waring,  John 
Pclham  Manor.— GiUiland.  E.  T. 
Rhincdiff.— Philbrick,  B.  W. 


Rochester, 
de  Lancey,  D. 
Redman,  G.  A. 

2 
Schenectady. 
Andrews,  W.  S.,  General  Electric  Co. 
Berg,  E.  J.,  53  Washington  Ave. 
Blood,  J.  B..  General  Electric  Co. 
Cahoon.  T.  B..  226  Union  St. 
Churchill,  Arthur,  5  So.  Church  St. 
Curtiss,  Geo.  F.,    General  Electric  Co. 
Greene.  S.  Dana,         *'  a 

Emmet,  W.  L.  R..       •* 
Griffin,  E  . 

Hewlett,  Edw.  M.,      " 
Hobart.  H.  M., 
Kellogg.  J.  W., 
Kirkland.  J.  W., 
Lovejoy,  J.  R. 
Oudin,  M., 
Reid.  Thorbum, 
Reist,  H.  G.,  5  So.  Church  St. 
Rice  E.Wilbur,  Jr., General  Electric  Co. 
Rohrer,  Albert  L., 
Roper,  D.  W., 
Stcbbins,  Theodore      ** 
Steinmetz,  C.  P.,  "  *' 


W4  ifew  York,  North  Gardlma,  Ohio,  Oregon,  PennsyUanda. 


Schenectady.  ^-Continued . 
Wiener,  A.  E.,  208  Liberty  St. 
Wirt,  H.  C.  842  Union  3t. 
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Syracuse. 

Brady,  Paul  T. 

Land,  Frank,  care  of  Globe  Hotel. 
Marvin,  H.  N.,  208  So.  Geddes  St. 
Wardlaw,  Geo.  A.,  412  E.  Willow  St. 

Troy. 
Bernard,  Edgar  G.,  43  4th  St. 
Chadbourne,  H.  K.,  Jr.,  Troy  City  R'y 
Parks,  C.  Weliman,  1825  Fifth  Ave.. 
Stevens,  W.  Le  Conte, 

Rensselaer  Poly.  Inst. 

Utica. 

Hunt,  A.  L.,  State  Hospital. 
Nicholson,  W.  W..  73  Howard  Ave. 

2 
Waterloo.— Mercer,  A.  G. 

Yonkers. 
Essick,  Samuel  V. 
Ihlder,  John  D. 
Slater,  F.  R. 


NORTH  CAROLINA. 

Wilmtng^ton.— Barnard,  J.  H. 


OHIO. 

Akron.— Shaw,  E.  C. 

Cincinnati. 
Cabot,  John  A.,  123  West  8th  St. 
Cothren,  Wm.  H.,  164  W.  8th  St. 
Creaghead,  Thos.  J.,  296  Plum  St 
French,  Prof.  Thos.,  Jr.,  Avondale. 
Gray,  W.  N.,  200  Neave  Building. 
Roberts,  W.  H.,  15  Harrison  St. 

6 

Cleveland. 
Black,  Chas.  N.,  Belden  St. 
Brush,  Chas.  F.,  453  The  Arcade 
Canfield,  Milton  C,  18  Clinton  St. 
Cowles,  Alfred  H.,  361  Arcade. 
McKinstry,  J.  P.,  316  Seneca  St. 
Roberts,  E.  P.,  Brainard  Block. 
Sperry,  E.  A.,  Mason  and  Belden  Sts. 
Wason,  Chas.  W.,  1762  Euclid  Ave. 


Columbus. 


8 


Caldwell,  F.  C,  State  University. 
Childs.  S.  W.,  Central  Railway  Co. 
Thomas,  Prof.  B.  F.,  State  University. 

3 


Hamilton. — Cornell,  Chas.  L. 
Marietta.— Shedd.  J.  C. 
Salem. — Davis,  Delamore  L. 
Steubcnville.— J  lood,  J.  F. 
Wyoming:.— Lilley,  L.  G. 


'  OREGON. 

Portland. 
!   Cheney,  W.  C,  Portland  General  Elec- 
trie  Co. 
Coolidge,  C.  A.,  591  Hood  St. 
'    Dame,  F.  L.,  The  Northwest  General 
Electric  Co. 
Malcolm,  P.  S.,  131  Sixth  St. 
Mitchell,  Sidney  Z.,  Fleischner  B'ld'g. 

Salem.— Anson,  F.  R. 


PENNSYLVANIA, 

AUegrheny  City. 
Fessenden.  Prof.  R.  A. 
Vandegrift,  James  A.,  Robinson  St. 

Altoona,— Dudley,  C.  B. 

Catasauqua.— Tait,  F.  M. 

Chester.- Arnold,  C.  R. 

Erie.— Boynton,  E.  C. 

Germantown. 
Condict,  G.  Herbert,  ^328  Green  St. 
Wirt,  Charles. 

Haverford. — Griscom,  Wm.  W. 

Monong^hela  City. 
Acheson,  E.  G. 

Nanticoke. — Sanborn,  Francis  N. 

Norristown.— Watts,  K.  F. 

Philadelphia. 
Albright,  H.  F.,  5304  Lancaster  Ave, 
Billbcrg.  C.  O.  C,  3200  Arch  St. 
Blanchard.  C   M.,  1209  Betz  Bldg. 
Braddell,  Alfred  E.,  316  Walnut  St. 
Bragg,  Chas.  A.,  302  Girard  Bldg. 
Childs,  A.  E.,  302  Girard  Bldg. 
Darlington,  F.  W.,  503  Girard  Bldg. 


/%»»..  B.  /.,  80.  Carolina,  Tenn.,  Texas,  Utah,  Vt,  Va. 
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PhUadclphift.— Continued. 

Drysdale,  W.  A..  Hale  Bldg. 
Eglin.  W.  C.  L.,  909  Walnut  St. 
Flagg,  S.G.,  Jr.,  19th  St.  and  Pcnn.  Ave. 
Gerson,  L.  J«,  809  Sansom  St. 
Heringy  Carl,  927  Chestnut  St. 
Hewitt,  Chas.,  920  Spruce  St. 
Houston,  Prof.  E.  *&.,  1105  Betz  P.ldg. 
Hunter,  Rudolph  M.,  926  Walnut  St. 
Ives.  Lieut.  E.  B..  421  Chestnut  St. 
Johnston,  A.  L.,  4300  Lancaster  Ave. 
Keller,  E  R.,  1210  Betz  Bldg. 
KcnneUy,  A.  E.,  1106  Betz  Bldg. 
La  Roche,  F.  A.,  2235  No.  i6th  St. 
Levis,  Minford,  54  North  4th  St. 
Lloyd.  Herbert.  Drexel  Bldg. 
Marks,  I'rof.  W.  D.,  Edison  Elcc.  I  ,t.  Co. 
Perot,  L.  Knowles,  308  Walnut  St. 
Pike.  Clayton  W.,  1210  Betz  Bldg. 
Reed,  C.  J.,  609  Norris  St. 
Rowland,  Prof.  A.  J.,  Drexel  Inst. 
Sheble,  F.,  1022  Arch  St. 
Shields,  W.  J.,  829  Arch  St. 
Smith,  T.  Carpenter,  212  Drexel  Bldg. 
Spencer,  Theo.,  406  Market  St. 
Stevens,  Prof  J.  F.,  1419  Walnut  St. 
Uhlenhaut,  F.,  Jr.,  4101  Haverford  Si. 
Wcndle,  Geo.  E.,  2433  N.  7th  St. 
Willyoung,  Elmer  G.,  1210  Betz  Bldg. 
Winand,  P.  A.  N.,  3200  Arch  St. 
Wright,  Peter,  Drexel  Bldg., 

37 
Pittsburg. 
Bliss,  Geo.  S.,  Telephone  Bldg. 
Eden,  M.  E.,  83  Fourth  Ave. 
Fisher,  H.  W.,  Standard  Und.  Cable. 
Floy,  Henry,  Westinghouse  E.  &  M.  Co. 
Hcalv.  L.  W..  Westinghouse  E.&  M.Co 
Hutchinson,  F.  L.     *' 
Ingold.  Eugene,  1669  Second  Ave. 
Keller,  E.  E.,  222  Murtland  Ave. 
Lange.  Philip  A.,West'house  E.&  M.Co. 
McCrosky,J  W., 

Myers,  Geo.  Francis,  Penn  Building. 
Phillips,  Leo  A.  West'house  E.  &  M.  Co. 
Requier,  A.  M.,  "  "        ** 

Schmid.  A.,  Westinghouse  E  &  M.  Co. 
Scott,  Chas.  F., 
Smith,  F.  S., 
Still  well  L.  B.. 

Strauss,  Herman  A.  "  '*  •• 

Temple.  William  Chase.  P.  O.  Box  800. 
Vanderslice,  G.  H.,  P.  O.  Box  911. 
Waring,  R.  S.,6i  Westinghouse  Bldg. 
Waters.  Edward  G..  425  Wood  St. 
Wurts,  A.  J.,  Westinghouse  E  &  M .  Co. 

23 
Rochester.— Shallenberger,  O.  B. 

Scranton. — Wightman,  Merle  J. 

South  Bethlehem.— Powell,  W.  H. 


State  College. 
Jackson,  Prof.  J.  P. 
Lardner,  H.  A, 

West  Bethlehem.— Lattig.  J.  W. 

Wilkesbarre.— Seitzingcr,  H.  M. 
Wilkinsburg.— Frost  F.  R. 


RHODE  ISLAND. 
Bristol.— Blake,  Theo.  W. 

Providence. 

Lenz,  Chas.  O.,  510  Ind.  Trust  Bldg. 
Miller,  Joseph  A.,  25  Butler  Exchange. 
Phillips,  Eugene  F.,  67  Stewart  St. 
Trott,  A.  H.  Hardy,  161  Friendship  St. 

4 


SOUTH  CAROLINA. 
Columbia. — Johnson,  J.  N. 

TENNESSEE. 
Memphis. — Roessler,  Capt.  S.  W. 


TEXAS. 

Austin. — McRae,  Prof.  A.  L. 
Dallas.— Mottram,  W.  T.  M. 


UTAH. 
Salt  Lake  City.— McKay,  C.  R., 


VERMONT. 

Brattleboro. 
Childs,  W.  H. 
Fuller,  Hon.  Levi  K. 

Burlington.— Storrs,  Prof.  H.  A. 

Rutland.— Francisco,  M.  J. 


VIRGINIA. 

Blacksburg.— Randolph,  L.  S. 


Va.,  Wash.,  W.  Virginia,  Wis.,  Can.,  Jfer.,  Ouatemala,  BragH. 


Fortress  Monroe. 

Parkhuret.  Lieut.  C.  D. 
Squier,  Lieut.  Geo.  O. 

2 

Front  Royal.— Albert,  Henry 
Norfolk.-Crews,  J.  W. 

Richmond 

Uonard.  M.B.,  Sup'tC.  &0.  R.R.  Tei. 
McCluer,  C.  E.,  So.  Bell  T.  &  T.  Co. 
Tower,  Geo.  A.,  log  S.  First  St. 
Trafford,  E.  W.,  104  No.  7th  St. 

4 


WASHINGTON. 

Everett. 
Butler,  William  C. 
Ray,  Wm.  D. 


WEST  VIRGINIA. 
Huntington. — Wallace,G.S.  60x214 
Morgantown.— Atdrich,  William  S. 
Rome.—Babcock,  C.  D. 
WeUsburg.— Brady,  F.  W. 
Wheeling.— Sands,  H.  S. 


WISCONSIN. 
Eau  Claire.— Bates,  M.  E. 

Madison. 

Davies,  Prof.  John  E.,  523  Carroll  St. 

Jackson,  Prof   Dugald  C. 

Jones,  Prof.  F.  R.,  University  of  Wis. 

3 
Milwaukee. — Boardman,  H.  B. 

DOMINION  OF  CANADA. 
NOVA  SCOTIA. 

Baddeck.— Bell,  Prof.  A   Graham 

Halifax. 

Cogswell,  A.  R.,  34  Bishop  St, 
Spike,  Clarence  J. 

2 
Hasel  Hill. 
Colley,  Benjamin  W. 
Dickenson,  Samuel  S. 


New  Glasgow. — Bowman,  Fred.  A. 

ONTARIO. 

Berlin.-^Breithaupt,  E.  Carl 

Ottawa. 

Ahearn,  T. 

Dion,  Alfred  A. .  72  Sparks  St. 

2 
Peterborongh. 
Hartman,  Herbert  T. 
Ross.  Norman 
Stephens,  Geo. 

3 

Rat  Portage.-— McCrossan,  J.  A. 

St.  Catharines. 
Thompson,  William  G.  M. 

Toronto. 
Langton,  John,  Canada  Life  Building. 
Rosebnigb,  Thomas  R. 
Rutherford,  W.  M.,  63  Front  St 
White  Fraser,  Geo. ,  28  Toronto  St. 

4 

QUEBEC. 

Montreal. 

Carus-Wilson,  Prof.  C.  A. 
Ross,  Robert  A.,  94  Queen  St. 
Sise,  Charles  F.,  P.  O.  Box  1918, 


MEXICO. 

I       City  of  Mexico.— Peck.  S.  C. 


I      CENTRAL  AMERICA. 

i  GUATEMALA. 

Quezaltenango. — Morehouse,  H .  H . 


SOUTH  AMERICA. 
UNITED  STATES  of  BRAZIL. 

Para. 

da  Cunha,  Manoel  Ignacio, 

Empresa  Industrial  Gram-Para. 
Chermont,  A.  L.,  Box  252. 

2 


W.  /.,  4/Wca,  Amk,  Aust.,  G.  Britain,  Beigiwfti,  France,  Omtrumy,    9it 


WEST  INDIES. 
JAMAICA. 
Kingston. — Wilson,  Harry  C. 


AFRICA. 

CAPE  OF  GOOD  HOPE. 

Cape  Town. — Standford,  William. 


ASIA. 
JAPAN. 
Osaka. — Iwadare,  Kunihiko. 


London.  — Continued . 
Lorrain.  James  Grieve, 

Norfolk  House.  Norfolk  St.,W.  C. 
Mordey,  Wm.  M., 

34  Montserrat  Road,  Putney. 
ParshalK  H.  F.,  38  Parliament  St. 
Preece,  Wm.  H..  General  Post  Office. 
]    Solomons,  Sir  D.  L.,  40  Grosvenor  St. 
I    Walter.  Henry  E. 

3  Princes  Mansions,  Victoria  St. 
Wells,    D.,   HuTstfield,   The   Avenue, 

Gipsy  Hill 
Winslow,  I.  E.,  38  Parliament  St. 
Wharton,  Chas.  J.,  82  Bond  St. 

II 
Tsnnton.— Haynes,  F.  T.  J. 


AUSTRALIA. 
NEW  SOUTH  WALES. 

Sydney. 

Fischer,  Gustave  J. ,  Public  Works  Dep't. 
Fitzmaurice,  Jas.  S.,  210  Geoi^ge  St. 
Jones,  A.  W..  care  of  H.  H.  Kingsbury. 
Spruson,  Wilford  J.,  169  King  St. 

4 

EUROPE 

AUSTRIA. 

Vienna. 
Egger,  E.,  X.  Simmeringstr,  187 
Sabulka,  Dr  Johann. 

Technische  Hochscbule. 


GREAT  BRITAIN. 

ENGLAND. 
Bolton-le-Moors. — ^Jackson,  Henry 

Bristol. 

Dobbie.    R.    S,  43    Wellington    Park 

Clifton. 
Eley,  Harris  H.,  88  Colston  St. 

2 
Chester.— Keith.  N.  S. 

Croydon.— Lewis,  H.  F.  W. 

Kingrston-on-Thames. 
Richardson,  A.  £. 

London. 
Forbes  Geo. ,  34  Great  George  St. 
Lawson.  A.  J.,  49  Queen  Victoria  St. 


SCOTLAND. 
Glasgow. — Kelvin,  Lord. 


WALES. 

Cardiff.— Walker,  Sydney  F. 


BELGIUM. 

Antwerp.— Inrig,  Alec  G. 


FRANCE. 

Crcusot.— Stahl,  Th. 

Paris. 
Albanese,  G.  Sacco. 
Mann,  F.  P.,  17  Rue  Didot. 
Mix,  Edgar  W.,  27  Rue  de  Loudres. 
Thumauer,  Ernst,  27  Rue  de  Loudres. 
Welles,  F.  R.,  46  Ave.  de  Breteuil. 


GERMANY. 

Berlin. 
Bates,  F.  C, 

Union  Elektricitots  Gesellschaft. 
Flesch,  Chas.,  Allgemeine 

Elektricitats-Gesellschaft. 
Magee,  Louis  J.,  Comeliusstr  i.,  W. 
Otten,  Dr.  J.   D.,  Kleinbeerenstrasse, 

21,  S.  W. 
Potter,  H.  N.,  Steglitzer  Str.  10  Parterre 
West,  Julius  H.,  Handjery  Str.,  58, 

Friedenau  near  Berlin. 
6 
Hagen.— Entz,  J.  B. 

Munchen.— Voit,  Dr.  Ernst 


Oermany,  NMherland»,  Italy,  BuMia. 


Nnrembers:.--TischeDdoerfer,  F.  W. 


ITALY. 

Ivrea.— Olivetti,  Camillo. 
Torino.— Capnccio,  M. 


NETHERLANDS. 

Amsterdam. 
Hubrecht,  Dr.  H.  F.  R. 

Delft.— Doijcr,  H. 


RUSSIA. 

St.  Petersburg. 

Sventorzetzky,  Capt.  L.,  Military  Eng- 
ineering^ Academy. 


Addresses  Unknown. 

Barth  Bartoshevitch 
Cleyeland,  W.  B. 
Cobb.  John  S. 
Danvers,  A. 
Handley,  Arthur 
Hoicomb.  E.  R. 
Moore,  John  J. 
Raymond,  Chas.  W. 
Reinmann,  A.  L. 
Sonza,  Carlos  Monteiro 
Stadelman,  Wm.  A. 
Vance,  A.  S. 
Williams,  A.  S. 
Wright,  John  D. 

Notice. 
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The  Secretary  would  be  pleased  to  re- 
ceive the  present  addresses  of  the  above. 


Total  924. 
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